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FOREWORD 


This recommended practice is intended as an authoritative reference for all 
individuals and organizations concerned with safe design, installation, and opera- 
tion of electrical facilities for petroleum processing plants. 

This publication has been developed by electrical engineers with many years of ex- 
perience in the petroleum processing industry. Although of interest to anyone seek- 
ing information on processing plant electrical systems, the publication is primarily 
intended for use by individuals knowledgeable in the engineering fundamentals who 
require specific guidance concerning currently accepted practices. 

Suggested revisions are invited and should de submitted to the director of the 
Department of Refining, American Petroleum Institute, 1220 L Street, N.W., 
Washington, D.C. 20005. 
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RECOMMENDED PRACTICE FOR ELECTRICAL INSTALLATIONS IN 
PETROLEUM PROCESSING PLANTS 


SECTION 1—INTRODUCTION 


1.1 Purpose 


Electrical engineers in the petroleum industry have a 
major responsibility for safety. Electrical installations 
and cquipment situated in hazardous locations must be 
designed to prevent accidental ignition of flammable 
liquids, gases, or vapors. Protection from any such 
occurrence demands constant vigilance, a thorough 
knowledge of electricity in its broader aspects, and an 
understanding of the properties of fammabie liquids. 
gases, and vapors. . 

Petroleum processing requires specialized equipment 
that continuously processes, at high rates and at ele- 
vated temperatures and pressures, liquids and vapors 
that undergo both chemical and physical changes. 
During “abnormal” conditions, the composition and 
properties of these materials may change drastically. 
To maintain safety and operating continuity, standards 
of petroleum processing plant designs arc more stringent 
than those for other aperations within rhe petroleum 
industry. 


1.2 Scope 


The scope of this publication is limited to systems 
that supply electrical power to petroleum processing 
Plants. It provides a basis for those specifications that 
industry and engineering contractors develop for inclu- 
sion in construction contracts. Guidance as to the spe- 
cial equipment needs that are characteristic of proc- 
essing plants is given to electrical manufacturers. 
Operation and maintenance problems are dealt with 
only insofar as they affect system and equipment selec- 


tion. The requirements for the electrical power supply 
to instruments, instrument devices, and instrument 
panelboards arc included. 


1.3 Definitions 


Shall is intended to indicate requirements. 
Should is intended to indicate recommendations or 
that which is advised but not required. 


1.4 Referenced Publications 


Although each section of this book is independently 
teferenced in detail, a reader's familiarity with the fol- 
lowing publications is assumed: 


API 
RP 500A: Recommended Practice for Classification 
of Areas for Electrical Installations in 
Petroleum Refineries 
RP 500: Manual on Installation of Refinery In- 
struments and Contral Systems, Pacts I, 


H, and TIT 

IEEE * 

No. 141: Electric Power Distribution for Industrial 

Plants 

No. [42: Grounding of Industrial Power Systems 
NFPA + 

Bulletin No. 70: National Electrical Code 

(ANSIC1) 

NBS i 


Handbook 81. Mational Electrical Safety Code. 


SECTION 2—CLASSIFICATION OF AREAS 


2.1 Scope 

This section briefly reviews the principles of flam- 
mable liquids, the theory and principles of classifying 
areas, and the practicable application of electrical 
equipment for installation in hazardous areas. 


2.2. Flammable Liquids 


Flammable liquids, which vary in volatility, are de- 
fined by the National Fire Protection Association 
(NFPA) as those liquids having a flash point below 


140 F and a vapor pressure not exceeding 40 pounds 
pér square inch absolute (psia) at 100 F. The NFPA 
divides flammable liquids into two classes, Class I and 
Class HI. 

Class [I includes those liquids having flash points 


‘Institute of Electrical and Electronics Engineers, 345 East 
47th Street, New York, N.Y. 10017. 

* National Fire Protection Association, 60 Batterymarch 
Street, Boston, Mass. 02110. 

+ National Bureau of Standards. NBS publications are avail- 
able from the Government Printing Office, Washington, D.C. 
20402. 
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below 100 F. For electrical desiga purposes, these 
liquids produce vapors considered to be in the flam- 
mable range. 

Class J] includes those liquids having flash points at 
or above 100 F and below 140 F. Such liquids shall be 
considered capable of producing flammable vapors 
in the atmosphere near the point of release when han- 
dled. processed, or stored under conditions that may 
cause the temperature of the liquid to exceed its flash 
point. 

Vapors from flammable liquids have a natural tend- 
ency to disperse into the atmosphere and rapidly be- 
come diluted to concentrations below the lower limit 
of the ignition range. particularly when the air is mov- 
ing. The dilution of a too-rich concentration to below 
the tower limit of its explosive range does not afford any 
degree of safety because the concentration must also 
pass through its explosive range before becoming too 
lean. Conversely, a lean gas concentration must also 
pass through its ignitable range before reaching the 
too-rich stage at its upper timit. Either way. the bound- 
ary layer of the gas cloud is always in the ignitable 
tange. Any location affected by expanding or con- 
tracting boundaries of flammable liquids must be classi- 
fied in accordance with the National Electrica! Code 
(NFO) 


2.3 Classification of Hazardous Locations 


The NEC has established criteria for classifying 
hazardous locations. Once a location has been clas: 
fied, the NEC further specifies equipment requirements 
for each particular classification. Therefore, the major 
effort is to determine initially the existence. degree. and 
extent of hazardous locations to be classified. 

A Class f focation, in which flammable gases or 
vapors arc or may be present in the air in quantities 
sufficient to produce explosive or ignitable mixtures, is 
further defined as Division 1 or Division 2. Division 4 
indicates that a flammable mixture may be present 
under normal operating conditions, Division 2 indi- 
cates a flammable mixture may be present only in the 
event of abnormal operating conditions or equipment 
breakdown. By inference, a location that cannot be 
ified cither as Division 1 or as Division 2 is 
“unclassified.” 

Once the existence and degree of a location's hazard- 
ous nature has been determined. the physical boundaries 
of the focation must be determined. The most important 
factor to consider is that flammable gas or vapor alone 
will not produce an ignitable atmosphere; it must mix 
with a sufficient amount of air to become ignitable. 
Other considerations are the quantity and physical 
characteristics of whatever substance might be liber- 


cla 


ated, as well as the natural tendency of gases or vapors 
Co Gisperse in the atmosphere 

Once established. a hazardous location's classifica- 
tion and boundaries can be drawn on a plot plan of the 
Process equipment for any given area. Such a drawing 
will be a convenient reference for determining the 
selection and placement of electrical equipment appro- 
priate for that area. 

API RP 500A is a practicable guide that specifically 
applies die NEC classification criteria to electrical work 
in petroleum processing plants. It discusses the factors 
that must be considered in location classification: it 
provides a straightforward questionnaire-type procedure 
to determine proper classification of a location; and it 
illustrates a method to establish the extent of a location 
to be classified. 

Sound judgment must accompany the use of the 
recommendations in AP] RP SQ0A, which is intended 
to supplement the NEC. When. in the opinion of an 
engineer. particular conditions are better or worse than 
average. the pertinent recommendations should be 
modified accordingly: 


2.4 Equipment for Classified Areas 


Each area in a process plant that is considered haz- 
ardous must be carefully evaluated to make certain 
the correct electrical equipment is selected. The ma- 
jority of hazardous atmospheres in process plants are 
Class I. Group D or Class II. Group G. However, 
certain areas may involve other groups. particularly 
Class 1. Groups B and C. Conformity with the NEC 
requires the use of fittings and enclosures approved for 
the specific hazardous mixtures. 

Certification by Underwriters’ Laboratories (U/L) is 
one of the guiding criteria in the selection of equipment. 
The function of this nonprofit organization sponsored by 
the National Board of Fire Underwriters is to determine 
whether devices and materials submitted to it are safe 
and can be used in the NEC category for which they 
were designed. Extensive laboratory and testing facilities 
are maintained by U/L. Enforcement of the NEC is nat 
a function of U/L. However. insurance, state. and 
municipal inspectors use the U/L certification as a cri- 
terion in their inspections of hazardous areas. 

When approved devices arc not available, other 
means to meet the requirements of the NEC are 
available, 


2.417 PHYSICAL ISOLATION 


Physical isolation is an effective method of handling 
hazardous situations. For years. many pump houses 
have been designed with a gastight wall separating a 


ELECTRICAL INSTALLATIONS IN PETROLEUM PROCESSING PLANTS 3 


pump and its motor, thereby allowing the use of other 
than explosionproof motors for the pump drive. Simi- 
larly, many installations are made with the motor start- 
ers and control equipment located away from the haz- 
ardous area, thus permitting the use of more economical 
general-purpose equipment, The isolation method is 
especially attractive when approved equipment for gas 
or vapors is not readily available. It may be the only 
method in some cases. 


2.4.2 PURGING AND PRESSURIZING 


According to the NEC, hazardous areas may be re- 
duced or eliminated by adequate positive pressure venti- 
lation. Authoritative information on design criteria for 
ventilating is given in NFPA Standard No. 496: Purged 
Enclosures for Elecirical Equipment in Hazardous Loca- 
tions. This methnd is based upon the principle that an 
enclosure located in a hazardous area can be purged 
with clean air or an inert gas at sufficient flow and 
positive pressure to reduce the original concentration 
of flammable gas or vapor to a safe level and to main- 
tain this tevel with a continuous flow. 

There are three classifications of purging, each hav- 
ing certain general design requirements: 


Type X. Purging reduces the classification within an 
enclosure from Division | to nonhazardous. 


Type Y. Purging reduces the classification within an 
enclosure from Division 1 to Division 2. 


Type Z, Purging reduces the classification within an 
enclosure from Division 2 to nonhazardous. 


Purging and pressurizing are very useful techniques 
for locating equipment in hazardous areas. Reference 
to NFPA Standard No. 496 should be made regularly 
when considering this method. 


2.4.2 OIL IMMERSION 


In Division 2 arcas, inumetsiun of the arcing devices 
in oif is sometimes used. The method is good but some- 
what cumbersome when maintaining the cquipment. 
Starters, pushbuttons, and pressure and level switches 
are some of the devices to which this treatment can be 
applied. 


2.4.4 INTRINSIC SAFETY 


One of the best approaches to the use of electrical 
equipment in hazardous areas is called intrinsic safety. 
Intrinsicaily safe equipment and wiring are incapable 
of releasing enough electrical or thermal energy, under 
normal or abnormal conditions, to cause ignition of a 
specific hazardous atmospheric mixture in its most 
easily ignited concentration. 

Information on the design and evaluation of equip- 
ment to be used in Class I hazardous focations and 
dependent for safety on limitation of energy is given 
in NFPA Bulletin No. 493: Standard for Intrinsically 
Safe Process Controi Equipment for Use in Hazardous 
Locations, 


SECTION 3—PROCESSING PLANT POWER SYSTEMS 


3.1 Purpose and Scope 


This section describes basic electrical practices char- 
acteristic of processing plant power generation and 
distribution systems. The procedures outlined are those 
which have proven to result in reliable yet economical 
systems. All aspects, from the point at which power is 
introduced into the processing plant to the points of uti- 
lization, are covered in this section. Discussed are con- 
cepts in incoming lines for purchased power, inptant 
generation, substations, transformers, switchgear, and 
overhead and underground distribution lines, Voltage 
levels, system arrangements, protective relaying, fault 
currents, and system stability are also discussed as im- 
portant material related to this subject. 


3.2 Power Sources 
3.2.1 GENERATED POWER 


321.1 


Power Station Auxiliaries 


a. Isolated processing plant power stations without 
connections to a public utility system must be self- 
sufficient. The auxiliary drives of such stations should 
receive primary consideration because of the absolute 
necessity of maintaining steam pressure, exciter voltage. 
and the like. 

b. Power station auxiliaries should be supplicd from 
one or more buses devoted solely to that purpose in 
order ta pravide maximum reliability (see Fig. 1). 
Critical auxiliaries should have steam-driven spares. 
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Fig. !—Single Main Bus Arrangement. 


3.2.1.2 Power Station Bus Arrangements 


a. The size and importance of the station will deter- 
mine the type of bus arrangement utilized for the main 
sfecuical commections. Stall stativnys, less Uian 10,000 
kw. frequently have only a single main bus as shown 
in Fig. |. Bus troubles are not common and fair re- 
liability iy obtained. However, it is necessary to shut 
down when additions are made to the bus. Circuit 
breakers must be taken out of service to be worked 
upon. but this problem can be minimized by using 
breakers of the drawout type. At times. these two 
disadvantages may interfere with the operation of the 
essential station auxiliaries, such as draft fans. pre- 
heaters. boiler feed pumps. air compressors. and 
lighting. 

b, Unit construction is one method that can be used 
in isolated power stations. In the unit type of con- 
struction, cach generator has its own boiler, main bus, 
and boiler auxiliary bus. A simple arrangement of 
buses illustrating unit construction is shown in Fig. 2. 
Normally, the tic circuit breaker between Bus No. | and 
Buy No. 2 is closed but will open in event of a fault on 
cither bus. In effect, the arrangement operates much 
the same as two independent power stations tied 
twgether. 


GENNG! GENNO 2 
oN Ns 
sacs BYSNC MAIN BUSING 2 + 


BOLERNO2 
AUK BLS, 


ie: 


Lol 


hg. 2-—Unit Construction Bus Arrangement. 
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Fig. 3—Synchronizing Bus Arrongement 


¢. In more claborate installations. cach power auxiti- 
ary bus is provided with automatic throwover to an 
emergency source of power. 

d. A station bus arrangement with a synchronizing 
bus is shown in Fig. 3. This scheme has many advan- 
tages in processing plant application. The idea of a 
unit generator bus can be carried out and generators 
can be added to the system without a great increase in 
short-circuit duty. A ratio of bus reactance to generator 
reactance of approximately 0.6 fs a good optimum ratio. 

e. The station auxiliary bus is sometimes supplied 
from the synchronizing bus. which is common to all 
generator buses. 


3.2.1.3 Power Station Excitation Systems 


The excitation system is an important factor in main- 
taining reliability and voltage regulation, It is pood 
Practice to use direct-connecied exeiters and individual 
voltage regulators. Static cxciters may alsa be used: 
however. their dependence on a source of alternating- 
current (a-c) power is a serious disadvantage in an 
isolated station subject to a complete failure. A motor- 
driven or static exciter may be used to spare the direct- 
connected exciters. 


3.2.2. PURCHASED POWER 


When power is purchused from a utility, the follow- 
ing items shall be considered: 


1. Source and number of feeders. 

Reliability of utility system 

Capacity and voltage of circuits 

Power contracts. 

Paralle} operation of multiple incoming lines. 


Automatic transfer, 


~ awk wD 


Voltage regulation. 
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8. Short-circuit current, 
9. Time-current relaying of utility company. 
(0. Motor starting requirements. 


11. Reclosing procedures. 


3.2.2.1 Source and Number of Feeders 


Where electricity is the main source of power, mul- 
tipte feeders should be requested to provide uninter- 
rupted service. Preferably, circuits should originate 
from separate sources, such us substations lucated in 
different areas. Circuits. where possible, should follow 
separate routes rather than be carried on the same poles 
to avoid physicat damage which could result in com- 
plete outage. 


3.2.2.2 Reliability of Utility System 


a, Utilities shall provide information as to routing. 
type of line construction, and the extent to which their 
circuits are protected against lightning. 

b. Performance records of pertinent utility feeders 
should be cxamined to determine the frequency and 
nature of disturbances in service. the existence and 
speed of automatic sectosures, the length of outages, 
and any actions taken to prevent recurrences of pre- 
vious interruptions. 


3.2.2.3 Capacity and Voltage of Circuits 


Each circuit of a two-circuit supply shall be designed 
to carry the total load with one feeder out of service. 
Circuit voltage in most cases will depend upon utility 
standards and total-load requirements. When the volt- 
age of incoming feeders is higher than the voltage se- 
lected for the processing plant, transformers of proper 
voltage cating will be included in cach substation where 
utility fecders are terminated. 


3.2.2.4 Power Contracts 


Power contracts vary with demands and energy 
charges. Energy charges usually include fuel adjust- 
ment costs as part of the contract. Demands are based 
both on kilowatts (kw) with power-factor adjustment 
and kilovolt-amperes (Kva). Vo determine the most 
favorable rate for minimum cost per kilowatt hour, it is 
essential to know firm demand and energy requirements. 


3.2.2.5 Parallel Operation of Multiple Lines 


Preferred operation of multiple circuit feeders from 
the utility is to parallet them on the substation bus with 
suitable relaying for feeder-circuit protection as illus- 
trated in Fig. 4. If a change from single to multiple 
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Fig. 4—-Purchased Power: Parallel Feeder Operation 
(Preferred Method). 


circuit feeders is eminent, care should be taken that 
the voltages of cach feeder are equal and in synchronism 
before they are operated in parallel. 


3.2.2.6 Automatic Transfer 


Where conditions are such that the two circuits can- 
not be paralleled at the processing plant substation bus. 
automatic transfer is preferred. Load requirements 
should be checked carefully when automatic transfer is 
used. Additionally, a method for regularly testing the 
automatic transfer scheme should be included. Fig. 5 
and Fig. 6 show alternate methods of operation in the 
order of preference. 


3.2.2.7 Voltage Regulation 


Where utility voltage regulation varies as much as 
10 percent between peak and light toad, load tap 
changing transformers or other means should be con- 
sidered for maintaining close voltage regulation. 


TO LOAD 


TO LOAD 


Fig. 5—Purchased Power: Divided Feeder Operation 
(First Alternate Method}. 
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Fig. 6-——Purchosed Power: Single Feeder Operation 
{Second Alternate Method). 


3.2.2.8 Short-Circuit Current 


Consideration must be given to short-circuit current 
available from the utility company’s service. Pawer 
equipment and distribution system must be designed 
with this in mind. The selection of circuit breakers. 
current transformers, and bus bracing should be such 
that each component has adequate continuous, mo- 
mentary. and interrupting ratings to withstand the 
effects of maximum asymmetrical fault current. 


3.2.2.9 Protective Relaying of Utility Company 


Proper coordination of relaying between the sub- 
station and utility company is essential to avoid un- 
necessary powcr outages and to keep them to a mini- 
mum duration. The proper relaying scheme should be 
selected in collaboration with the utility company and 
relay-equipment manufacturer. It is recommended that 
transformers rated at 5,000 kva and above be provided 
with dificrential relaying or a fault pressurc and gas- 
detecting relay. 


3.2.2.10 Motor Starting Requirements 


Capabilities of utility feeder circuits should be such 
that starting currents of large motor drives will not 
reduce voltage at the plant bus to less than 85 percent of 
normal so that other equipment in the plant will not be 
affected. If this cannot be accomplished. other means 
of starting large motors—such as reduced-voltage start- 
ers, reactors. or auxiliary steam-turbine starting cquip- 
ment—must be provided. 


3.2.2.11  Reclosing Procedures 


Automatic feeder circuit reclosures after faults have 
become the common practice for utilities since most 
faults occurring on such Sines are transient in nature. 
Factors such as the voltage Jevel of the feeder. the. 


electrical location of the plant—i.e., whether the plant 
is fed from a radial distribution feeder or from a tap 
on a transmission tie line—as well as individual com- 
pany policies determine the delay time and number of 
automatic reclosures. This information is necessary 
for the intelligent setting of the various protective relays 
on the plant electrical system as well as being an aid in 
determining the over-all utility service continuity. 


3.2.3 PARALLEL OPERATION WITH PURCHASED AND 
GENERATED POWER 


When a utility supplies a part of the processing plant 
power requirements and operates in parallel with plant 
generated power, consideration should be given the 
following: 

1. Division of load. 


2. Protection against feeding into utility system under 
abnormal conditions. 


3. Division of reactive power. 


4. Service restoration. 


3.2.3.1 Division of load 


Load division between utility and processing plant 
generation often is regulated to maintain a constant 
power demand from the utility. Utility power can be 
held within the required limits by varying power gen- 
eration in the processing plant station. In some cases, 
it may be necessary to adjust the turbine governor with 
load-regulating equipment. 


3.2.3.2 Protection 


Tu protect processing plant generation from over- 
loads and possible total outages when disturbances 
occur on the utility system, relays should be provided. 
Relays of the impedance, reverse power, or under- 
frequency types should be used to trip the incoming 
feeder breakers. Underfrequency retays should be pro- 
vided to trip nonessential loads and thus prevent over- 
loading of processing plant generation during disturb- 
ances on the utility system. 


3.2.3.3 Division of Reactive Power 


Contracts for the purchase of utility power should 
include amount and division of kilovars (kvar) between 
the utility and processing plant. If the utifity-line volt- 
age is subject to wide variations, transformers that 
automatically change taps under load, or other means, 
should be considered for control of kvar interchange’ 
as well as voltage regulation, 
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3.2.3.4 Service Restoration 


e. Various fault or operating conditions may cause 
the separation of processing plant and utility gener- 
ating systems. The immediate effect of such a separa- 
tion wilt be a voltage dip on the processing plant power 
system, assuming that the plant load exceeds plant 
generation at the moment of separation. A severe 
voltage dip will cause motors to drop off the line, how- 
ever, important drives may have time-delayed under- 
voltage protection to keep them in operation. The load 
remaining on the lines must be limited to the amount 
to which the power system can reaccelerate. Resyn- 
chronizing with the utility should be possible only at 
a few locations in the system and preferably only at 
one location. 

b. Circuit breakers tying the systems together should 
he provided with synchronizing switches and interlocks. 
Relays, which protect the systems under fault condi- 
Wons, must be applied carefully to prevent a separation 
which could result from power swings that may occur 
during synchronizing. 

¢«. Certain self-clearing fault conditions on the tie 
circuits between the utility and processing plant gen- 
erating systems can be allowed to occur without un- 
necessary breaker operations separating the systems. 
A system's stability study, incorporating the electrical 
and mechanical characteristics af hoth systems, will 
determine the maximum length of time such a condi- 
tion may be permitted to remain before the two systems 


will drop out of synchronism. Short time-delays may - 


be used with the relays controlling the tie breakers at 
the processing plant to eliminate unnecessary outages 
of this nature. Use of such time-delays must, of course, 
be coordinated with utitity breaker relays and reclosing 
devices, since it may not be desirable to have the utility 
breaker open and reclose before the time-delay permits 
the opening of the processing plant tic breaker. 


3.2.4 EMERGENCY POWER SOURCES FOR LIGHTING 
AND INSTRUMENTS 


a. Where an alternate power source is available, an 
automatic transfer switch may be used to transfer the 
emergency lights and instruments from the normal to 
an alternate source of power when the normal power 
source fails. The switch may transfer, automatically or 
manually. the foad to the normal source of power 
when it is restored. Provision should be made for 
the regular testing of all transfer schemes. 

b. Alternate sources of power are often unavailable; 
thus some provision must be made for generation of 
emergency power. When emergency power is required 
for lights and instruments only, the load automatically 
is transferred to the 120-volt emergency generator on 


failure of normal source of power and is returned, 
manually or automatically, when normal power is re- 
stored. All lights and instruments that do require 
emergency power are usually fed from panelboards 
supplying no other load. The automatic switching is 
then done in the main feeds to the panetboards, as 
illustrated in Fig. 7. 

¢. When emergency power is required for lights, in- 
struments, and three-phase valve motors, the motors are 
located on a separate bus. This bus also feeds a trans- 
furmer supplying lower voltage power for the panel- 
board feeding emergency lights and instruments. The 
bus is transferred automatically to the three-phase gen- 
erator upon power failure and is returned, manually 
or automatically, when normal power is restored. 

d, Emergency generators usually are driven by a 
gasoline engine or a steam turbine, The drivers are 
started automatically when the normal source of power 
fails; and they are stopped, manually or automatically, 
when normal power is reestablished. When a steam 
turbine is used, it is necessary to bleed steam into the 
turbine to keep it warm at all times and ready for in- 
stant operation. The emergency equipment is started 
periodically to make sure that it is in proper operating 
condition at all times. The changeover from normal to 
emergency operation is not instantaneous. 

e, Some process units use electronic instruments 
that instantly respond to the need for change in oper- 


NORWAL LIGHTING BUS. 


EMERGENCY UGHTING BUS, 


TIGHTING PANELS 


EMERGENCY SOURCE ~ : 
tcl i 
PANELS FOR LIGHTS, 


EMERGENCY 
EENERATOR ANO/OR INSTRUMENTS: 
CIRCUIT BREAKER 
Notes: 


1. A special emergency-syctem design may he required when 
electronic instruments are used. 

2. Transfer switch throws to emergency source when normal 
source fails and back to normal source when such is again 
energized. Emergency generator and generator-building venti- 
lating fan start automatically when transfer switch throws to 
emergency source. 

3. Emergency lights are selected fixtures of the general light- 
ing system. 

4. The emergency generator, generally, is driven by a steam 
turbine or a gasoline engine. 


Fig, 7—Emergency Generator Arrangement for Lights 
aad Instruments, 
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6. Straight network system. 
7. Spot netwark system. 


8. Primary selective spot network system. 


3.4.3.1 Simple Radial System 

The simple radial system is susceptible to loss of 
service resulting from a failure in the primary breaker, 
cable, switch, or transformer; the outage will last until 
the faulty equipment is repaired. This lack of service 
continuity is offset by the initia! cost which makes this 
the least expensive system available. However, with 
adequate, properly installed equipment, this system is 
safe, simple, and easy to operate and to expand. Good 
voltage regulation is provided because the transformer 
can be located close to the loads. A simpte radial sys- 
tem—whereby only one load group or process plant is 
supplied by one feeder—will minimize the effects of 
any service outage (see Fig. 8). 


3.4.3.2 Loop Primary Radial System 


The loop primary radial system gives improved flexi- 
bility and service continuity when compared with the 
simple radial system. Costs are somewhat higher, but 
still relatively low. The chief advantage of this system 
over the simple radial system is that trouble can be 
isolated and service to the remainder of the load can be 
restored while repairs are made. In case of a feeder 
cable, the faulted section can be isolated and service 
restored to the entire remaining load (see Fig. 9). 


TO POWER SOURCE 


ul, dle 


7S LOAD WOLOAD 


fig. 8~—Simple Radial System. 


TO POWER SOURCE 


Fig. 9—Loop Primary Radial System. 


3.4.3.3 Banked Secondary Radial System 


‘The banked secondary radial system provides exccl- 
lent flexibility and good regulation. A feeder or trans- 
former fault shuts down the entire load. Service is 
restored by operating the proper load break switches 
and transformer secondary breaker, if necessary, and 
reclosing the feeder breaker. Power to a bus, if re- 
moved from the feeder, is supplied through the sec- 
ondary ties. This system provides excellent utilization 
of transformer capacity, but short-circuit currents may 
be excessive. Where loads are widely scattered. as is 
often true in a processing plant, this system cannot be 
justified economically (see Fig. 10). 


3.4.3.4 Primary Selective Radiat System 


The primary selective radial system provides better 
service continuity than the simple radial system because 
only half the transformers are on one feeder. Should a 
feeder fail, the portion of the affected load can be 


Fig. 10-—-Banked Secondary Radial System. 
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Fig. 11—Primary Selective Radial System. 


switched to the other feeder. Service continuity and 
flexibility are better than for the simple radial system. 
Regulation is comparable to that of a simple radial 
system. The initial investment. however, is higher (see 
Fig. 11). 


3.4.3.5 Secondary Selective Radial System 


The secondary selective radial system provides good 
service continuity and regulation. A feeder fault will 
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Fig. 12-—Secondary Selective Radial System. 


cause half the load to be dropped, but service can be 
restored quickly through the secondary tie breakers. 
From the standpoint of flexibility and investment costs. 
this system is considered poor (see Fig. 12}. 


3.4.3.6 Straight Network System 


The straight network system provides excellent ser- 
vice continuity, flexibitity, and regulation. Investment 
costs can be very high. This system is particularly 
adapted tn high-density load areas where even momen- 
tary interruptions cannot be tolerated, It is sometimes 
more economical to run two feeders to each trans- 
former and eliminate spare transformer capacity. Thus, 
on failure of a feeder, the unaffected transformers 
would carry the load. The overload on these trans- 
formers can be tolerated until the affected transformer 
is switched to the good feeder (see Fig. 13). 


3.4.3.7 Spot Network System 


The spot network system provides excellent service 
continuity and regulation. Because each transformer 
and feeder is capable of supplying the total load. service 
is not interrupted when a feeder fails, Flexibility is fair, 
but investment costs are high. The spot network system 
is particularly adapted to concentrated loads a con- 
siderable distance apart and, therefore, is often used to 
supply processing plant units that cannot tolerate a 
power failure (see Fig. 14). 


3.4.3.8 Primary Selective Spot Network System 


The primary selective spot network system is almost 
identical with the spot network system except that the 
spare-transformer capacity is eliminated on the assump- 
tion that the remaining transformer will sustain the 
overload until the transformer on the faulted feeder 
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Fig. 13—Straight Network System, 
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Fig. 14—Spot Network System. 
has been switched to the good feeder. This system 
may be more economical than the spot nework sys- 


tem. Transformer faults will cause half the load to be 
dropped until repairs are made (see Fig. 15). 


NOTE: The secondary protection scheme shown for 
Fig. 12 through Fig. 15 should be carefully designed 
to preserve system continuity under upsets and fault 
conditions that can occur. 


3.5 Switchgear 
3.5.1 TYPES 
3.5.1.1 


ce. “Switchgear is a general term covering switching 
and interrupting devices and assemblies of those devices 


General 
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Fig. 15—Primary Selective Spot Network System. 


with control, metering, protective, and regulating equip- 
ment with the associated interconnections and support- 
ing structures.” * Switchgear supplied to processing 
plants today is of the metal-clad variety. The heart of 
the switchgear is the circuit breaker. Associated with 
the circuit breakers are necessary buses. disconnecting 
devices, current and potential transformers and related 
equipment-control power transformers, rectifiers, inter- 
locks. meters. relays, and control devices. 

b. Manufacturers do noi fist switchgear suitable for 
use in a hazardous area. In practice, the switchgear 
must be located either adjacent to the hazardous areas 
or installed in a pressurized room when required to 
serve process units. Power stations are not considered 
hazardous areas, so the installation of switchgear therein 
presents no problem. 

¢. Processing plant switchgear placed outside a power 
station frequently takes the form of a unit substation. 
A typical substation consists of a transformer (single- 
ended} or transformers (double-ended) supplying utili- 
zation voltage to a group of feeder circuit breakers. 
Unit substations may be purchased as neat, compact 
units well adapted for either indoor or outdoor plant 
use. Transformers and switchgear may be purchased 
separately, and installed indoors or outdoors as desired. 

d. Switchgear is generally used for control of gen. 
erators, large motors, transformers, power circuits, and 
other farge electrical equipment. Switchgear used in 
processing plants is generally in the 2.4-kv to 13.8-kv 
class with interrupting ratings ranging from 50,000 kva 
to 1,000,000 kva. Ampere ratings range up to 3,000. 

e. The user is always faced with the problem of 
choosing between switchgear containing oil-immersed 
circuit breakers or switchgear containing oilless cit- 
cuit breakers. The oilless circuit breaker in metal- 
clad switchgear is available with interrupting capacities 
ranging up to 1,000,000 kva, whereas the oil-immersed 
breaker is limited to a maximum interrupting capacity 
of 500,000 kva. Oilless circuit breakers are subject to 
insulator contamination. The amount of preventive 
maintenance required will depend upon the degree of 
contamination. The chief advantage of the oi!-immersed 
breaker lies in its superior corrosion resistance. Cor- 
rosion of electrical contacts is a problem in processing 
plants, but where the contacts are immersed in oil. 
atmospheric contamination is of less consequence. 
However, even if an oil-immersed breaker is used, the 
associated relays and other equipment are usually not 
available in oil-immersed designs. Thus, corrosion can 
still prevent breaker operation at a crucial moment. 
Schedules of preventive maintenance should be estab- 


* Definition taken fiom the National Elecuivat Manufu- 


turers Association, New York, NEMA SG (1955). 
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fished to eliminate this hazard. Both oilless and oil- 
immersed circuit breakers, as well as much of the 
associated equipment, generally are furnished in a 
draw-out design. This facilitates removal of equip- 
ment for maintenance and test purposes. Maintenance 
operations are simplified when oilless circuit breakers 
are used. 

f. Metal-clad switchgear is far superior to the old 
style type of “piecemeal” installations where buses, 
connections, and relays are all exposed. The metal- 
clad equipment is more reliable, more compact. neater 
in appearance, safer to work on, and the original instal- 
lation requires less engineering design than does a 
piecemeal installation. 

g. Switchgear for use at 600 volts and less is also 
available. The preferred type is metal-enclosed with 
circuit breakers of the air-break draw-out type. Inter- 
rupting ratings range from 15,000 amps to 200,000 
amps. and current-carrying ratings range up to 6,000 
amps. Installations of this type, which have higher 
interrupting duties than the capacities of the breakers 
installed, should be equipped with high capacity current- 
limiting fuses. This is especially useful in applications 
of breakers for small loads where large interrupting 
Capacities are not available with small current-carrying 
ratings. These fuses are also valuable for protecting 
equipment which has lower ratings than the available 
short-circuit currents by limiting the fault current and 
rapidly clearing the circuit. 

h. Bolted pressure-fused switches for voltages up 
to 600 volts and load currents up to 4,000 amps may 
be used in place of air circuit breakers for service 
entrance applications. These switches can be opened 
under load and the accompanying current-limiting fuses 
are capable of interrupting short-circuit currents of up 
to 200.000 amps. These devices are especially useful 
when space is at a premium or when high interrupting 
capacity is required at a location where economy is 
desired and switching of feeders is infrequent. 


3.5.1.2 Indoor Switchgear 


Indoor switchgear is more economical than the out- 
door type. Air-hreak circuit breakers are usually em- 
ployed. and enclosures are less elaborate since weather 
tightness is not a factor. Maintenance is easier and 
more economical, particularly during periods of fout 
weather. These advantages and the cost of a building 
or switch house must be weighed against outdoor 
switchgear when planning a new installation. The 
choice is made easier in some cases, as in power sta- 
tions, where a building is already available and indoor 
type switchgear is the Jogical route. 


3.5.1.3 Outdoor Switchgear 


Except for the enclosure, there is no difference be- 
tween outdoor and indoor switchgear. The outdoor 
type is supplied with a weatherproof enclosure. Space 
heaters are required to prevent moisture condensation. 
Outdoor switchgear is more expensive because of the 
weatherproof enclosure. These added costs must be 
balanced against the cost and advantages of indoor 
switchgear and a building. Some manufacturers have 
developed outdoor switchgear of the walk-in type. The 
weatherproof enclosure is large enough to walk into, 
and actually constitutes a small building. This arrange- 
ment combines some of the advantages of housed in- 


door switchgear and may effect an overall economy by 
using outdoor switchgear. 


3.5.2 SHORT-CIRCUIT CONSIDERATIONS 


Short circuits should be considered in the light of 
three items: 


1. Possible or likely places where short circuits may 


* occur. 


2. Possible damage which may result from short cit- 
cuits. 


3. Amount of short-circuit current which the system 
can deliver. 


3.5.2.1 Location of Short Circuits 


Although short circuits occur any place in an elec- 
trical system, they occur with different frequency de- 
pending upon Jocation. Switchgear, transformers. and 
buses experience a relatively small number of short 
circuits. Rotating machines experience a higher fault 
frequency, however, if the machines are properly main- 
tained and protecied against voltage surges, the fre- 
quency will be greatly reduced. The distribution sys- 
tem, because of lengthy transmission lines and cables, 
experiences the highest fault frequency. 


3.5.2.2 Damoge from Short Circuits 


Short circuits which are not promptly removed from 
the source of power may be damaging beyond belief. 
Electrical and other apparatus can be wrecked, fires 
started, and lives endangered. Lengthy production in- 
terruptions are a likely result of such damage. 


3.5.2.3 Amount of Current 


It is obvious from the foregoing that faults must be 
temoved promptly from the source of power. Circuit 
breakers used for this purpose must have adequate 
interrupting and momentary ratings, lest the breakers 
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literally explode in a vain attempt to function. Circuit- 
breaker ratings must be based on the short-circuit ca- 
pacity of the systeut at the point of application. The 
short-circuit current which the system can deliver de- 
pends on generators and motors in operation and the 
impedance between them and the fault. The short- 
circuit capabilities of simple systems may be calculated 
readily; those of more complex systems will require 
study on a network analyzer. Determining the short- 
circuit capabilities of a system so that circuit breakers 
can be properly selected and applied is a basic and 
fundamental consideration. Future expansion of the 
processing plant must be considered when studying the 
selection of short-circuit equipment. If thought is not 
given to future additional sources of power, installed 
equipment may be inadequate later. 


3.5.3 RELAYING 


3.5.3.1 Relay Dependability 


Relays are the “brains* which cause circuit breakers 
fo operate. Even though a circuit breaker is properly 
selected and applied, it is useless if it fails to operate 
at the proper time, and it is worse than useless if it 
operates at the wrong time. 


3.5.3.2 Relay Selection 


Relays must be selected with care. A multitude of 
of types is available for every system requirement. The 
proper selection and application of relays is a matter 
for study by competent engineers. Relays associated 
with processing plant power systems are used primarily 
for the protection of feeders and machines. 


3.5.3.9 Relay Selectivity 


Relays must be suitable for the uses intended and 
must be selective. Generally, a zone of protection is 
established around each system clement, such as a bus, 
transmission line, generator, or transformer. A fault 
in a zone should be cleared by the relays in that par- 
ticular zone. In case of a maifunction of relays in a 
particular zone. relays in the next zone will operate to 
clear the fault. Obviously the relays in the “backup™ 
zone must wait long enough to give the primary relays 
a chance to operate, but they must not wait too long 
or fault damage wilt be extensive. Accuracy can be 
ensured by choosing relays of the proper types and 
operating ranges and by assigning the correct settings 
to them. Careful studies must be made of each situa- 
tion in order to arrive at a minimum value setting that 
will permit maximum load to be distinguished from 
fault conditions and minimum time settings that will 


permit sclectivity between several relays in series, The 
procedures by which these settings are calculated are 
outlined in several publications devuted to this field, 
among which are Chapter Il of the IEEE Red Book 
(No. I-41), “Electric Power Distribution for Industrial 
Plants”; Westinghouse. Applied Protective Relaying: 
and General Electric, The Art of Protective Relaying. 
Relay coordination and selectivity are vital to a process- 
ing plant power system, and particular attention must be 
paid to obtaining optimum settings and to recalculating 
and maintaining up-to-date settings on the relays as sys- 
tem conditions change. 


3.5.4 LOW-VOLTAGE AiR-CIRCUIT BREAKERS 


3.5.4.1 General 


Low-voltage air-circvit breakers are usually tripped 
directly by the current passing through them, without 
the interposition of current transformers and relays. In 
most cases, these breakers are equipped with both in- 
stantancous and time-delay trips, the instantaneous trip 
being of the magnetic type and the time-delay type 
being of the thermal or pneumatic variety. 


3.5.4.2 


Inspection and testing of low-voltage direct trip 
breakers should be catried out on a regular schedule, 
with the time interval between inspections varying with 
environment and service. The range of intervals should 
cover six months to five years, with experience on the 
particular installations dictating any changes to the 
schedule, Direct testing of this type of switchgear re- 
quires test equipment with large-current capacities. If 
this type of equipment is unavailable, operational checks 
on the equipment cannot be performed, and testing is 
limited to inspection of the overload unit settings and 
other breaker parts, such as contacts and are chutes. 


Inspection and Testing 


3.5.4.3 Static State and Overcurrent Trip Devices 


Static-state overcurrent trip devices are available for 
this type of switchgear, using current transformers with 
both time-overload and instantaneous trips. The ad- 
vantage of these devices is that they can be tested with- 
gut high primary circuit currents. Complete testing 
can be accomplished with relatively low-cost specialized 
equipment, much in the same manner that relay check- 
ing is performed. 


3.6 Transformers 


3.6.1 GENERAL 


There is little in the selection or application of trans- 
formers that is peculiar to the petroleum industry. For 
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this reason, the following discussion is intended as a 
guide for those who arc not daily concerned with the 
principles of transformer installation but who do re- 
quire some knowledge of the subject as it applies to 
the industry. The information contained in this sub- 
section is confined primarily to distribution and power 
transformers. Brief mention is made of other types of 
transformers which are applied within the petroleum 
industry. Such other types, however, usually operate 
in conjunction with electrical equipment supplied as a 
coordinated package by the manufactuer of that equip- 
ment. In ail cases where more detailed information is 
required, it is recommended that the applicable stan- 
dards and references be consulted. 


3.6.2 TRANSFORMER TYPES 


3.6.2.1 Distribution and Power Transformers 


Distribution and power transformers are those classes 
of transformers, rated 3 kva and higher, which are used 
to transform generated or utility company voltages to 
plant distribution voltage levels ar to provide the utili- 
zation voltage level fcr lighting and power loads. These 
two-winding transformers isolate the secondary lines 
and connected equipment from the high-potential trans- 
mission or distribution suues and reduce the voltage 
to lower operating levels. Such details of these trans- 
formers as are pertinent to the petroleum industry are 
discussed in this section. 

Unit substation transformers are mechanically and 
electrically connected to and coordinated with unit 
substation equipment or motor-control centers. Aside 
from the physical size and certain features of construc- 
on, these transformers are applied in the same manner 
and far the same purposes as distribution and power 
transformers, 


3.6.2.2 


Instrument transformers are that class of transform- 
ers which are used for purposes of instrumentation and 
relaying. They have a high degree of accuracy but low 
capacity, In general, the accuracy of trausformatiun is 
dependent upon the design. quality of manufacture. and 
the Joad or burden in the form of instruments and re- 
lays. Generally speaking. the lighter the load. the higher 
the degree of accuracy because the transformer is sub- 
iect to the effects of regulation. 

Potential transformers, usually, are employed to step 


down from the higher voltage to a secondary rating of 
190 valts 


Current transformers, usually, are emptoyed to trans- 
form high magnitudes of primary current to a secondary 
rating of up to 5 amps. 


Instrument Transformers 


Instrument transformers may be employed with a 
I-to-f turns ratio to isolate the metering, instrustent, 
of relay burden from the primary voltage source. Fur- 
ther discussion of instrument transformers is beyond 
the scope of this manual. 


3.6.2.3 Constant-Current Transformers 


Constant-current transformers are that Class of trans- 
formers employed to provide a constant-current second- 
ary output for series-lighting installations. These trans- 
formers provide a varying secondary voltage so that if 
the load is varied, the voltage adjusts itself accordingly 
to provide a constant current. The number of lamps that 
can be connected and supplied from the series-lighting 
transformer is determined by the kva rating of the trans- 
former. It should be borne in mind that with constant- 
current transformers, as with current transformers, 
under no circumstances should the secondary circuit be 
open as this would permit the voltage to rise 10 danger- 
ous proportions. 


3.6.2.4 Autotransformers 


Autotransformers. as applied within the petroleum in- 
dustry, are usually confined to application with reduced- 
voltage starting equipment. As such, these transformers 
invariably ure supplied as a coordinated package with 
this type of starter. The purpose of the autotransformer 
type of reduced-voltage starters is to step down the 
supply voltage to obtain a lower voltage and, thus, 
Jower the current and lessen the disturbance to the sys- 
tem voltage at starting. 

The autotransformer is 4 single-winding transformer 
in which the lower voltage is obtained by a tap position 
between the line terminals. J1 does not isolate the 
motor load from the potential of the source as does a 
two-winding distribution or power transformer. When 
passing from the start to run position, the autotrans- 
former is bypassed or shunted out by the run contacts 
of the starter. 

Autotransformers also provide an economical tie-in 
between 4,160-volt and 2,400-volt systems. In this 
instance they may be used to supply existing 2.400- 
volt utilization equipment from a 4.160-volt source 


9.6.2.5 Other Transformers 


Other transformers finding application within the 
petroleum industry are certain categories of specialty 
transformers, epoxy-filled transformers. and zigzag- 
grounding transformers. Specialty transformers are that 
class of transformers. usually rated 3 kva and less, 
which are commonly used for special control, alarm. or 
lighting applications. One special transformer com- 
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monly used within the industry steps up the voltage for 
precipitator or desafter applications. 

Constant voltage transformers provide a stable power 
supply for instruments and they perform satisfactorily 
if used with pure resistive loads, such as the filaments 
of electron tubes. Here the harmonic content is not a 
factor so tong as the effective voltage is correct. At 
fight loads, however, the output contains strong har- 
monics, principally the third, which may require filters 
fer application with certain instruments. In this case, 
it may be practical to consider the use of an induction- 
voltage regulatar as the source of supply. 

Epoxy-filled transformers, occasionally, arc used to 
supply Sighting toads where a Class I, Division 1 area 
is encountered and where the installation of lengthy, 
low-voltage leads is not economical. Completely sealed, 
nitrogen-pressurized transformers are also avaitable for 
this application in Class I, Division | areas. In 
Class I. Division 2 areas normally encountered in 
petroleum processing plants, conventional dry-type or 
oil-immersed transformers are acceptable from a code 
standpoint, although cther conditions. such as exces- 
sive moisture, washdown, or corrosive atmospheres. 
may dictate the use of epoxy-filled or sealed trans- 
formers. Reference should be made to API RP SOOA 
in cstablishing the need for such a restrictive-area 
classification. 

Zigzag-grounding transformers are applied to provide 
a ground connection from delta-connected transformer 
secondaries. Usuaily, they are applied to permit ground- 
fault relaying or to stabilize the neutral of ungrounded 
distribution systems and are of concern primarily at 
voltage levels greater than 600 volts. They may also be 
applied to stabilize the neutral on 480-volt systems for 
277-volt fluorescent lighting where it is not practical 
to employ a wye-connected secondary. 

Other types of transformers, which do not have 
general application in the petroleum industry, are net- 
work transforniers, subway transformers, submersible 
transformers. and rectifier transformers. 


3.6.3 RATINGS 


3.6.3.1 Voltage 


The voltage rating for transformers is determined 
primarily by the system voltage available and the utili- 
zation voltage tequired. However, it is recommended 
that the voltage ratings applied within the petroleum 
industry conform as closely as possible to the ratings 
as given in EEI-NEMA Preferred Voltage Ratings for 
A-C Systems and Equipment. 

Choice of these ratings should result in procurement 
economies because of the standardized or repetitive 


manufacture, Standardization of these ratings for a 
particular plant will also facilitate interchangeability, 
parallel operation, and banking. Even when the pri- 
mary or supply voltage is not the same as a recom- 
mended voltage rating, primary voltage taps will usually 
provide the desired voltage or turns ratio. 


3.6.3.2 Capacity and Duty 


The recommended kva ratings of transformers for the 
petroleum industry are the preferred kva ratings as 
given in the ASA or NEMA Standards. These ratings 
should be on a continuous basis without exceeding the 
temperature limitations for “continuous-rated” trans- 
formers. 


3.6.3.3 Frequency 


The frequency normally encountered in American 
petrofeum processing operations is 60 Hz, which is the 
preferred standard for a-c systems and apparatus. 


3.6.3.4 Temperature Rise 


The rated kva of a transformer is the load which can 
be carried continuously at rated voitage and frequency 
without exceeding the specified temperature rise. A 
transformer should have a normal life at rated kva if 
the specified temperature rise is not exceeded and the 
ambient temperature does not peak above 40 C, or rise 
above a 24-hour average of 30 C. 

Oil-immersed transformers are limited to a winding 
temperature rise, as measured by resistance, of 65 C, 
and a hottest-spot winding temperature tise of 80 C. 
Dry-type transformers are divided into four groups for 
temperature rise specification purposes. Group [ trans- 
formers are those with Class A winding insulation 
(cotton, paper, cellulose, varnish, etc.}; they have a 
55 C maximum temperature, rise as measured by resist- 
ance, Group II transformers are those with Class B 
winding insulation (mica, asbestos, fiberglass, etc.); they 
are limited to a temperature rise of 80 C as measured 
by resistance. Group III transformers are those with 
Class F winding insulation (mica, asbestos, or fiber- 
glass); they are limited to a temperature rise of 115 C 
as measured by resistance. Group IV transformers are 
those with Class H winding insutation (silicone elas- 
tomer, mica, glass, fiber, asbestos. etc., with silicone 
resin binders); they are limited to a temperature rise of 
t50 C as measured by resistance. More detailed in- 
formation on temperature tise limitations, as well as 
temperature rise specifications for specific conditions 
and services, is contained in the NEMA Standards for 
Transformers, TR27-1965. 

If operated under conditions varying from these 
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temperature limits, the transformer must be rerated on 
the basis of the actual toad cycle and the actual ambient 
temperature in order to attain normal life expectancy. 
The transformer manufacturer should be consulted. for 
these figures. 

With respect to temperature, insulation ages in ac- 
cordance with the following rule of thumb: For cach 
8-degree Celsius increase in temperature, the aging rate 
doubles for a Group J transformer; for each 10-degree 
Celsius increase in temperature the aging rate doubles 
for a Group II transformer. 

When load is applied to a transformer, the heating 
and cooling curves follow an exponential curve. The 
time constant of a winding will vary between five and 
ten minutes; the time constant of tie oil will vary 
between two and four hours. A time equal to approxi- 
mately five times the time constant is required for the 
items to reach their ultimate temperature, Short-time 
overtoads of one hour or less are permissible. however. 
as long as the hottest-spot copper temperature does not 
exceed 150 C for an oil-immersed transformer. Over- 
loads having durations of more than one hour should 
be limited. with attention given to the 8-degree Celsius 
tule above. 

Transformers operated at altitudes greater than 
3.300 feet above sea level are subject tn special rating 
correction factors. These can be obtained from appli- 
cable standards, notably NEMA Standards for Trans- 
formers. 


3.6.3.5 Insulation 


The basic insulation level (bit) and the applicable 
manufacturers’ test voltages are given in the ANSI 
standard. The dielectric scrength of transformers, which 
depends upon air for insulation, decreases as altitude 
increases. Correction factors for insulation class for 
altitudes greater than 3.300 feet are covered in the 
ASA Standard. 


3.6.3.6 Efficiency and Regulation 


Efficiency and regulation are fixed by manufacturers’ 
design. Any change in these values will result in a 
change in transformer impedance. 


3.6.3.7 Impedance 


‘The impedance is expressed, usually. as a percentage 
value and is determined by the internal characteristics 
of the transformer, i.e.. care loss. resistance, and reac- 
tauce of windings, Because of costs, the usual practice 
is to accept the standard: impedance provided by the 
manufacturer; this also facilitates parallel operation and 
connection in banks. In certain instances it may be 


desirable to install a transformer with greater than stan- 
dard impedance in order to limit the short-cireult duty 
on secondary switchgear. In other cases, lower than 
standard impedance is used 1o facilitate motor starting 
by reducing the voltage drop. 


3.6.4 APPLICATIONS 


3.6.4.1 Power Systems 


The kva rating of the transformer is usually deter- 
mined by the load requirements. The remaining ratings 
and characteristics usually are fixed by the requirements 
of the power system to which the transformer is con- 
nected. The various types of power systems in the 
petroleum industry are discussed in detail in “Power 
Sources” (Paragraph 3.2}. Obviously. the selection and 
application of a transformer should not be made with- 
out a comprehensive knowledge of the entire power- 
distribution system. Conversely, it would be impossible 
to design the desired flexibility and reliability into a 


‘power system without some knowledge of transformer 


application, characteristics, and construction. 


3.6.4.2 Location 


In regard to physical location and associated sub- 
station equipment, the petroleum industry practice de- 
parts from the usual industrial application. It is the 
usual practice to locate substation equipment near the 
load center; within the petroleum industry. it is recom- 
mended that the substation equipment be located in 
the nearest suitable location adjacent to the load center. 
In petroleum processing work, preferred practice is ta 
locate transtormers and associated equipment in an un- 
classified (nonhazardous) area. 

In cases where a Class I, Division 2 area is involved, 
the switchgear associated with the transformer fre- 
quenily requires pressure-ventilated control, switchgear 
rooms, or outdoor switchgear. The transformers do not 
require special treatment. Choice of locations for trans- 
formers, usually, is dictated by the transformer acces- 
sories and by the associated switclyear and contiolless. 
and their relationship to the classification of the area, 
rather than by the transformer itself. This is because 
transformers would not constitute a source of ignition 
if the accessories were suitable; moreover, open-type 
bushings and buswork are not a part of such an in- 
stallation. 

In some cases of Class I. Division 2 locations. it is 
practical and desirable to locate the transformer out 
side pressure-ventilated switchgear rooms with a sec- 
ondary throat connection for buswork. through the wall 
of the room. and with a primary connection to ail-. 
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compound-, or air-filled junction boxes with pothead 
termination of cable in conduit 

In some instances the transformers and associated 
substation equipment have been located above grade 
on the roof of switchgear or control rooms to conserve 
space. 

Where the power system involves an overhead distri- 
bution system and transformer size is permissive, trans- 
formers may be pole or platform mounted, Any unusual 
conditions of installation, such as excessively high or 
low ambient temperatures, vibration, or space timita- 
tions. should be referred to the manufacturer for recom- 
mendations. 


3.6.4.3 Connections 


The internal connections and the manner in which 
the leads arc brought out for external connection deter- 
mine the polarity of the transformer and the phase 
relation in the case of a three-phase transformer, It is 
necessury to know this polarity and phase relation in 
order properly: to connect transformers in a bank or 
for parallel operation. In those instances where the 
nameplate has been lost or there is a question con- 
cerning the polarity, terminal markings, and the like. 
it is necessary to establish the manner of connection by 
test. The three tests in common use are: 


1. Comparison with a standard transformer. 
2. Inductive kick with direct current. 


3. Alternating voltage test. 


These methods of testing as well us the method of 
determining phase sequence are described in Section 12- 
97 of the ANSI Standard for transformers. Polarity 
and connections for single phase transformers con- 
nected in three-phase banks are discussed in sections 
of the NEMA Standard. 

For many years it was thought that single-phase 
transformers provided the highest degree of refiability 
in three-phase transformer bank operation if a spare 
single-phase transformer were installed in such a man- 
ner that it could be readily connected to replace any 
faulted transformer. Although this stitl involves a shut- 
down period to remove the faulted transformer and to 
tie in the spare, the practice has certain obvious advan- 
tages und. even today. is used in certain instances. How- 
ever, the quality and reliability of three-phase trans- 
formers have greatly improved in recent years. For 
these reasons, the use of three-phuse transformers has 
become standard for the industry. 

Three-phase transformers require less space. open 
primary and secondary buswork being unnecessary. 
They facifitate bus-duct connection and are ideally 


suited to coordinated package installations with switch- 
gear and motor-control equipment. Three-phase trans- 
formers have facilitated the current trend toward the 
use of pressurized switchgear and control rooms. Three~ 
phase transformers ate recommended for atl installa~ 
tions of 300 kva and above, and 480 volts and higher. 

The three-phase transformer connections most com- 
monly used are the delta-delta, delta-wye, and wye-delta 
connections, Consideration may also be given by the 
system designer to the many other types of connections 
available. 

Where open buswork is required for primary and 
secondary connections, single-phase transformers are 
not recommended for three-phase use in Class F areas. 

Consideration should be given to neutral grounding 
of three-phase transformer bank secondaries. Because 
a discussion of neutral grounding is beyond the scape 
of this section. suffice it to say that there are many 
arguments in favor of neutral grounding. Each appli- 
cation must be analyzed on the basis of individual 
merits, voltage levels, requirements for continuity of 
service, and the like. The neutral ground is readily 
obtainable with a wye-connected secondary by bringing 
out the neutral and either solidly grounding or ground- 
ing through resistance, reactance, or ground fault neu- 
tralizer. The neutral ground is also obtainable with 
delta-connected secondaries through zigzag-grounding 
transformers, 

In some cases. it is advantageous to consider the 
operation of an open-delta transformer bank. Such an 
installation has the merit of low first cost for the initial 
load being placed on the bank, and at the same time 
facilitates an increase in capacity of the bank to accom- 
modate future loads. The capacity of an open-delta 
bank is only 86.6 percent of the two transformers rating. 

Operating open delta may also be advanced as an 
argument in favor of single-phase transformers inas- 
much as it would be possible to carry a part of the con- 
nected load of a three-phase bank, composed of three 
single-phase transformers, if one of the single-phase 
transformers were out of service. In this case, with only 
two transformers in service, the capacity of the bank is 
only 57.7 percent of the three transformers rating. This 
could hardly be regarded as an advantage in the case 
‘of high-load factor, process unit loads, but may be of 
considerable advantage where the load factor is fess or 
individually connected loads may be shut down without 
seriously affecting the overall operation. 


3.6.4.4 Harmonics 


Although the matter of harmonics is in no way pecu- 
liar to the petroleum industry. it emphasizes the point 
that selection and application of the transformers should 
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not be left to inexperienced personnel or to anyone not 
completely familiar with transformers and the appli- 
cable standards. This is particularly true in the matter 
of transformer loading and connections. 

Because of hysteresis and saturation in iron-core 
transformers. the exciting current has a strong third 
harmonic if the applied voltage is sinusoidal or, if the 
exciting current is suppressed because of ihe method of 
primary connection. the induced electromotive force in 
the secondary will contain a strong third harmonic. 
Thus. in the case of a wye-delta connected transformer 
bank in which the connections have been correctly 
made, a volt meter connected across the opened corner 
of the detta may show a rather large voltage reading 
because of the sum of the third harmonic voltages in 
each phase. This, of course. does not indicate improper 
connection; when the delta is closed. the third harmonic 
voltage will circulate the third harmonic current around 
the delta. 


3.6.4.5: Paratle) Operation 


A complete discussion of the parallel operaticn of 
single-phase transformers or three-phase banks is out- 
side the scope of this manual. Jt may be pointed out, 
1owever, Ihal in order to obtain proper parallel opeia- 
ion, not only must the transformer connections be 
made properly. but certain characteristics of the trans- 
formers must be the same or within certain limits. In 
order to divide the connected load according to the 
rating of the parallel banks. the internal impedance 
must be the same, the transformation ratio must be the 
same, and the phase relationship in the case of three- 
phase barks must also be the same. Because of the 
phase relationship, it is not possible to parallel delta- 
wye or wye-delta banks with a delta-delta bank because 
of the 30-deg phase shift on the secondary. 


3.6.5 TESTS AND MAINTENANCE 


Transformer maintenance. inspection, and testing 
have been discussed in many articles within periodicals 
and other publications and the subject is beyond the 
scope of this section. It is evident. however. that a sys- 
tematic maintenance schedule for transformers must be 
established and should include the inspection and clean- 
ing of bushings. the testing of transformer oil. and 
vacuwtm cleaning of dry-type transformers. The follow- 
ing points, however, are worthy of emphasis as they arc 
related to application and selection considerations. 

It is recommended that the manufacturers* standard- 
test report be included with any order for a large and 
important transformer. These standard tests include 
resistance mexsurements. dielecitic tests. losses. excita- 


tion current and impedance, ratio, temperature rise, 
polarity, and phase relation. The dielectric strength of 
transformer oi] should be not less than 26 kv when new. 
as measured in accordance with accepted standards. 
The practice of periodic dielectric testing on trans- 
former windings is questionable and is not recom- 
mended because of the severe stress such tests impose 
on the insulation. If necessary, however, the limits on 
such testing as set forth in the standards should not be 
exceeded. Dielectric testing of bushings is also covered 
by the standards. High-voltage d-c test equipment is 
available, operating at low-cnergy level to provide non- 
destructive and accurate testing of insulation. This 
method of testing is preferable to conventional high- 
voltage a-c test procedures. Although values of a stan- 
dard power factor for insulation on oil-immersed 
transformers have not been established, the value of a 
power-tactor test in the field is gaining acceptance a5 a 
means of appraising the condition of insulation. Such 
measurements are of value only for comparison. When 
@ program of power-factor testing is undertaken, it is 
recommended that a factory power-factor test be made 
which can be compared with the field measurements. 
When in service, the transformer should be painted 
with a pigment paint only. The use of a protective coat- 
ing. such as aluminum, will affect the heating guarantecs. 


3.6.6 CONSTRUCTION AND ACCESSORIES 


3.6.6.1 Oil-Filled Transformers 


Oil or askarel in transformers not only functions te 
provide insulation and cooling effects. but also serves 
ta protect the windings and core from corrosive and 
hazardous vapors. 

On oil-filled transformers the sealed-tank system is 
standard for all transformers rated 2,500-kva and 
200-kv basic insulation level and less. With higher 
ratings sealed-tank and gas-oil-seal systems are alter- 
nate standards. 

On sealed-tank systems. the pressure-vacuum bleeder 
device is furnished. 

In addition to the sealed-tank and gas-oil-seal sys- 
tems of oil preservation, there are the inert gas-pressure 
and conservator or expansion-tank systems. 

Standard accessories for oil-filled transformers in- 
clude tap changer, ground pad, nameplate, magnetic 
liquid-level gage. liquid temperature indicator, drain 
valve, top filter valve, pressure vacuum gage, and jack 
bosses. The standards also specify and describe alter- 
nate features of construction and accessories, which in- 
clude bushings. fan-control cabinet, winding tempera- 
ture indicator, relay, nonsplit weatherproof case for 
terminal block. high-voltage or low-voltage junction 
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boxes, high-voltuge or fow-voltage disconnect switch 
terminal chambers, and high-voltage and low-voltage 
throat connections. With respect to termination of 
shielded cables in junction boxes. it is recommended 
that manufacturers’ drawings be checked for space 
and that the box construction permit a reasonable 
termination procedure. It is recommended that all 
transformers employed in petroleum processing plants 
be supplied with the standard accessories as called for 
in the American Standards. In addition, consideration 
may be given fo a hottest-spat temperature detector 
where the design of the distribution system or substation 
equipment may subject the transformer to emergency 
loading conditions. Such might be the case where the 
installation involves automatic bus transfer between the 
secondaries of two transformer banks. If for instatla- 
tion in a Class I arca, the accessories must be suitable 
for the specific area classification. 


3.6.6.2 Askarel-Filled Transformers 


In most cases an askurel-filled transformer may be 
substituted for an oil-filled transformer. Askarel-filled 
transformers are recommended for application in loca- 
tions and under circumstances where standard trans- 
former oil would constitute an abnormal hazard. The 
hazard would be abnormal if the ignition or explosion 
of oil, caused by an clectric current, would constitute 
a risk to personnel or would involve substantial de- 
struction of property. In general, the safety codes 
specify restrictions on the use of flammable oil-filled 
transformers. 

Askarel, being a synthetic. nonflammable. insulating 
liquid. is suitable for use as the liquid coolant of im- 
mersed transformers under these circumstances. Askarel 
evolves nonexplosive gaseous mixtures when decom- 
posed by arc. These gases are toxic, however. and 
require special precautions. Although askarel does not 
support combustion, the gases released under the effect 
of a continuing arc could build up pressure in a sealed 
tank and cause a primary explosion. 


3.6.6.3 Dry-Type Transformers 


Ventilated dry-type transformers, as distinguished 
from sealed dry-type transformers, are used for indoor 
Jocations. Weatherproof units are available for outdoor 
use, normally in lighting service, where the primary 
voltage is limited to 480 volts. In initial cost, they 
approximate that of askarel-filled transformers. The 
fire hazard is low and there is no explosion hazard. 
They are relatively light in weight as compared with 
oil. or askarel-filled transformers and for this reason 
are mote economical to install. The maintenance of 


ventilated dry-type transformers is negligible. Periodi- 
cally, it is necessary to clean the entire transformer 
thoroughly, including the windings. The primary dis- 
advantage of the dry-type transformer is that the basie 
insulation level is lower than for oil-immersed trans- 
formers. This may be compensated for by the instal 
tion of surge capacitors and lightning arrestors. In 
some Cases, arrestors may be mounied within the outcr 
transformer enclosure. Another disadvantage is the lack 
of an overload rating, although forced air-cooling equip- 
ment can he added tn increase the capacity. It may also 
be necessary to consider the noise level. 

The dry-type transformer is also available in a com- 
pletely scaled nitrogen-pressurized unit. As such, these 
transformers are immune to corrosive and hazardous 
vapors. 


3.6.6.4 Gages and Alarm Contacts 


It has been recommended that transformers be fur- 
nished with standard accessories as called for in the 
ANSL Standards, although variations may be required 
for Class I locations. In certain applications of large 
and important transformers where continuity of service 
is paramount, it is recommended that consideration be 
given lo requirements for alarm contacts on the stan- 
dard transformer gages. These contacts should then 
be wired to an annunciator and audible alarm to signal 
the approach to conditions which may be detrimental 
to the transformer, resulting in a loss of the normal 
anticipated life. 


3.6.6.5 Tops 


{t is recommended that ail taps furnished on trans- 
formers for processing plants be fully rated kva taps. 
The numeral 7, or the letter 4, on the tap-changer 
nameplate indicates the maximum transformation ratio 
on a no-load tap changer. On a load tap changer the 
normal position is designated by the letter N, raised 
divisions are designated /R, 2R, etc.. and lower position 
by /L, 2L, etc. 

The tap voltages are usually in uniform 2!-percent 
or S-percent steps above and/or betow rated voltage. 


3.6.6.6 Forced-Air Cooling 


Inasmuch as the capacity or kva rating on the trans- 
former is determined by the time and temperature 
relationship to insulation deterioration. one means of 
effectively increasing the capacity of a transformer is to 
increase the rate of heat transfer from the transformer 
to the cooling medium. One method of increasing this 
rate is through the use of fans for forced-air cooling. 
On installations where it is anticipated that an increased 
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transformer capacity may be required to serve future 
loads, it is recommended that consideration be given 
to the provision of fans for forecd-air cooling or the 
provision of facilities in the form of brackets for the 
future addition of fans. 

If the future addition of fans is contemplated at the 
time of original installation, consideration should bg 
given to the capacity of the electrical connections, These 
connections should be ample for the increased capacity 
available. Consideration may also be given to the use 
of portable fans; however, such applications should be 
discussed with the manufacturer. Whether the fans are 
to be driven by single-phase or three-phase motors is 
determined by the available power supply and the main- 
tenance experience on these motors. In general. the 
three-phase motor is to be preferred because of the 
absence of a starting switch, 

The forced-air cooling of a transformer is also an 
effective method uf ubtaining an increased Capacity 
while holding the impedance to a value which permits 
the use of secondary switching equipment of fesser 
interrupting capacity. Forced-air-cooled transformers 
should be considered in cases involving the use of 
automatic bus transfer of loads between two trans- 
formers. With this arrangement, the transformer may 
be more economically loaded under the normal method 
af operatian It also permits carrying twice the normal 
Toad without exceeding the specified temperature limits 
for the hottest-spot temperature. 


3.6.7 LOADING 


In processing plant practice it is often necessary and 
desirable to consider the effects of emergency trans- 
former lodding. In some cases. an economy of instal- 
lation may be effected with no deercase in the life 
expectancy of the transformer if advantage is taken of 
overload capabilities. At other times. it is possible to 
overload transformers for short periods of time with 
only a moderate sacrifice in life expectancy. At the 
same time. there is no sacrifice in the continuity or 
reliability of electrical service provided. The Appendix 
to the ANSI Standard, entitled ‘Guide for Loading 
Oit-Immersed Distribution and Power Transformers,” 
contains suggested rules for loading Class A insulated. 
oil-immersed transformers. It considers only the effect 
of temperature and time on insulation deterioration and 
life expectancy, without consideration of limitations 
such as oil expansion, pressure in sealed-type units. 
bushings. and leads. For a complete discussion on these 
rules for Joading, along with certain warnings and cau- 
tions, it is recommended that reference be made to this 
publication. Other important considerations discussed 
are: 


1, Increased loading permitted under certain circum- 
stances. 


2. Increased loading permissible when average copper 


temperature rise is below standard temperature rise. 


3. Decreased loading necessary under certain circum- 
stances for air-cooled, forced-air-cooled. water-cooled. 
and forced-oil-cooled ratings 


4. Effect of ambient temperature on loading. 


5. Effect of load factor and short-time overloads on 
normal fife expectancy. 


6. Determination of percent loss of life under short- 
lime emergency overload conditions. 


3.7 Overhead Lines 


3.7.1 GENERAL REQUIREMENTS APPLYING TO 
OVERHEAD LINES 


37.1.1 General 


Unless otherwise specified. ail electrical work shall 
comply with the requirements of the NEC. the National 
Electrical Safety Code (NESC), and any state or local 
ordinances which may govern. In no case should the 
resulting clectrical system be inferior to these codes 
and ordinances. However, it is recognized that. in 
some cases. the requirements of the petroleum industry 
necessitate different types of systems. This manual 
specifies certain of these variations. All electrical supply 
lines should be installed in a safe manner as specified 
in the aforementioned codes and ordinances, and. in 
addition, should permit continuity of service—an impor- 
tant processing plant item. In the folowing text. NESC 
refers to Part 2, Sections 20-29, of the sixth edition of 
the National Electrical Safety Code. published in No- 
vember 1961 by the National Bureau of Standards as 
Handbook 8}. 


3.7.1.2 Materials 


Most of the line materials which are readily available 
in the market either conform to the standards or the 
suggested specifications of the Edison Electric Institute 
(EE!) and the IEEE. or are similar in design, material, 
and workmanship. It is recommended that standard 
materials be employed in all cases where their use is 
consistent with the requirements of the NESC. Special 
structures may be required for the support of a line or 
a group of lines whose loading is in excess of that which 
can be safely or economically supported on single poles 
or orber simple siructu' As used hesein, che (erm 
“special structures” means specially designed towers or 
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framed structures, such as those which, because of their 
general shape. are commonly referred to as A structures 
or H structures. 


3.7.1.3 Aerial Cable 


In areas not suitable for underground duct runs. 
where open conductors would create a hazard, and 
ground areas are congested with pipelines and similar 
equipment, the use of aerial cable is recommended. 
Aerial cables are available in single- and three-conduc- 
tor types, shielded or nonshielded. Aerial cables with 
synthetic jackets of the self-supporting type are pre- 
ferred. Where the self-supporting type of aertal cable 
is used on circuits operating with a grounded neutral. 
the messenger can be used for the neutral conductor. 
Lightning arrestors should be installed at terminal poles 
where aerial cable is connected to open wires. 


3.7.1.4 Interlocked Armored Cable 


Interlocked armored cable may be used as un alter- 
nate to aerial cable. This cable consists of a three- 
conductor cable (rubber, plastic, or varnished-cambric 
insulation, necessary shielding, filler, etc.) over which 
is applied a suitable metallic interlocked armor. The 
armor of these cables should not be relicd upon for a 
ground conductor. Instead, ground wires, installed in 
the cable interstices during manufacture, are recom- 
mended. 


3.7.1.5 Accessibility 


All parts which must be examined or adjusted during 
operation should be so arranged as to be readily acces- 
sible to authorized persons. Provision shall be made 
for adequate climbing spaces, working spaces, working 
facilities, and clearances between conductors. The 
electrical clearances should be established in accordance 
with NESC standards. 


3.7.1.6 [solation and Guarding 


To provide for safety of employees not authorized 
© approach conductors and other current-carrying parts 
of electrical supply lines, the arrangement of live parts 
should ensure adequate clearance from the ground (or 
other generally accessible space), or guards should be 
installed to isolate these parts effectively from accidental 
contact. Metallic sheaths, conduits. metal supports. 
fixtures, frames, cases, and othee similar noncurrent 
carrying parts should be adequatcly grounded. (Jt is 
recommended that resistance ta ground nf noncurrent- 
carrying parts be limited to 5 ohms maximum.) 


3.7.1.7 Grounding of Circuits ond Equipment 


Grounding of circuits and equipment should conform 
to Section 9 of NESC. A temporary ground for main- 
tenance purposes should consist of a secure mechanical 
connection to a buried metallic structure or driven 


ground rod. Resistance of such ground should be less 
than 15 ohms. 


3.7.2 CLEARANCES 


The clearances specified for conductors in the NESC 
are a minimum recommendation. Because processing 
plant structures are of metal (well-grounded), arcing 
could cause more than usual risk to personnel and 
equipment. Hence, it is recommended that clearances 
(particularly vertical clearances) be established as fol- 
lows: 


3.7.2.1 Basic Vertical Clearances 

For basic clearances above ground or rails, the fol- 
jowing maximum span lengths are recommended for 
use with Table I of NESC Section 23 (page $6, Na- 
tionat Bureau of Standards Handbook 81): 


Loading District Maximum Span Length 


(Feet) 
Heavy 100 
Medium 150 
Light 200 


3.7.2.2 Increased Vertical Clearances 


Greater clearances than those outlined in Table 1 
of NESC Section 23 are necessary when spans are 
longer than those specified above. Rules for these in- 
creased clearances are given in subsection 232-B of 
NESC Section 23 (pages 58-60, National Bureau of 
Standards Handbook 87). 


3.7.2.3 Voltage Levels 


The maximum voltages to which the clearances speci- 
fied in Section 23 of NESC are applicable should be 
reduced to the following levels for processing plant use: 


NBS Handbook 81 


NESC Substiture 
Subsection Page (Volts) 

230-D 53 600 for 750 
234-C-4-(a) 69 150 for 300 
234-C-4-(b) 70 150 for 300 
235-A-4-(a) 16 600 for 750 
MZE 106 600 for 750 
243-A-( Exception 3) 107 600 for 750 
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3.7.3 LOCATION 


3.7.3.1 Routing 


It is recommended that overhead lines be routed 
along processing plant roads or streets. When located 
in tank grades or other parts not reached by roadways, 
it is recommended that they be routed along eartheh 
firewalls, along the toe of the dike, or other logical 
routes, The location of overhead tines should be 
checked against the requirements of applicable fire 
codes. 

Where the power supply is important for fire fighting. 
lines that supply power to pumps or other fire-fighting 
equipment should be placed so as to be exposed as litile 
as possible to damage from fires originating in equip- 
ment or structures situated along their routes. 


3.7.3.2 Water Sprey Exposure 


Whenever practical, overhead lines should be located 
far enough from cooling towers, spray ponds, and other 
sources of water spray to avoid fouling of insulators 
and corrosion of metal parts. When it is not practical 
to do this, it is recommended that the line be designed 
and constructed so as to be suitable for the particular 
kind of service to be withstood. Under adverse condi- 
tims, this may involve overinsulatiun of the exposed 
section of line, the use of materials to withstand the 
corrosive effects of the spray, or other measures. 


3.7.3.3 Petrochemical Exposure 


Overhead tines should not be installed in areas ex- 
posed to petrochemicals and other similar contami- 
nants, Installations that ate located within such areas 
should be designed and maintained to withstand the ef- 
fects of contaminants of this type. Silicone-type grease 
on insulators. bushings, and similar items is a strong 
deterrent to current leakage and insulator flashover. 
Silicone tends to absorb the foreign matter deposited 
on the dielectric material, continually providing a non- 
conducting. water-repellent exterior seal for the equip- 
ment. 


3.7.3.4 Lines Adjaceni to a Class | Area 


Overhead tines shall be routed clear of settling basins 
to eliminate hazards due to the presence of flammable 
gases or vapors in the atmosphere and to reduce the 
effects of contaminants generalty found in these loca- 
tions. When instatled immediately adjacent to or tra- 
versing other Class I areas. these lines should be placed 
so that the cables, wire, and other current-carrying 
components will be outside the space normally or fre- 


quently occupied by flammable gases (see API RP 
5004). Conductors of overhead lines of conventional 
construction usually meet this requirement as a result 
of the isolation naturally afforded by the horizontal 
distance from, or by the elevation above, the hazardaus 
area. or by the combination of both. 


3.8 Underground Lines 


3.8.1 GENERAL 


It is recommended that the provisions of the NESC 
and the NEC be followed in the construction and main- 
tenance of underground supply and communication 
lines, wherever applicable. These rules are not com- 
plete specifications but are intended to cover the most 
important requirements from the siandpoint of em- 
ployee and public safety. In general, the provisions of 
NESC and NEC are minimum requirements. It is 
sometimes necessary or desirable, in actual design and 
construction, to exceed the minimum requirements. in 
such cases, it is the responsibility of the owner to see 
that other requirements are not neglected and to fallow 
good practice even though the particular conditions of 
service may not be covered by NESC’s or NEC's rules 
or specifications, 


3.8.2 REFERENCES 


The NESC is recommended as the principal source 
of information on the construction and maintenance 
of underground lines for use in petroleum processing 
plants, petrochemical plants, and other installations that 
come within its scope. Brief reference is made to the 
NEC as certain portions of it apply to underground 
systems of the type under consideration It is recom- 
mended that the user refer directly to the full text of 
the applicable sections of these two codes for guidance. 


B83 Suggested Practices 


In applying these codes to the design and construc- 
tion of underground systems for petroleum processing 
plants and petrochemical installations, it is recom- 
mended that reference also be made to the suggested 
practices outlined in the succeeding paragraphs and 
that these practices be applied. when needed, to meet 
the conditions of service. 


3.8.3.1 


Underground systems of electricak conductors should 
be located so as to avoid proximity to hot pipes, oil, 
gas, and chemical pipes, railway tracks, and all under- 
ground structures specifically mentioned in the NESC. 


Electrical Conductors 
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3.8.3.2 Manholes and Underground Pull Boxes 


a. Manholes or underground pull boxes should be 
Jocated outside bauery limits, when practicable, at 
points where they will not tend to accumulate hydro- 
carbon gases und vapors. 

b. Means should be provided for ventilating and 
draining manholes and connecting ducts when necessary 
to maintain satisfactory conditions. 

¢. Manholes or underground pull boxes located 
within battery limits should be especially constructed to 
meet the expected service conditions. It is suggested 
that aboveground pull boxes or splicing enclosures be 
considered in lieu of conventional manhotes or under- 
ground pull boxes in classified areas within battery 
limits and elsewhere. if suited to the conditions of 
service. 

d. Where the installation of electrical apparatus in 
manholes is necessary, explosionproof equipment is 
recommended. The installation of transformers, fuses. 
disconnects. etc., in manholes should be avoided. 


38.3.3 Sewers 


Drainage to sewers should be avoided, 


3.8.3.4 Duets 


Ducts and conduit runs within battery limits, or 
where subject to damage by digging operations or 
similar causes, shall be surcounded by at Jeast 3 inches 
of red-colored concrete. The concrete may be colored 
throughout or the surface may be colored by troweling 
jn a concrete coloring agent. 


3.8.3.5 Cubles 


a. Where cables or other conductors (either buried 
directly in the earth or installed in ducts or conduits), 
cross under roads, railway tracks, pipelines, sewers. 
and the like, or over communication cables or conduc- 
tors, they should be installed in accordance with the 
regulations covering the particular installation. Where 
no regulations, either by carrier or local authorities, 
are evident, the ducts, conduits, and buried conductors 
shall be protected either by installation in a suitable 
pipe sleeve or by reinforced red-colored concrete of at 
least 3-inch thickness. 

b. Before putting ia cables, ducts and conduits 
should be cleaned, using a wite brush and swab, or 
other effective means. 

«. The NESC calls for sealing of lateral ducts or 
conduits to prevent gas or water frum entering build- 
ings. When ducts of conduits run between classified 
and unclassified areas. the applicable requirements of 
the NEC should be met. 


a. In bonding exposed metallic cable sheaths, tt is 
recommended that consideration be given to clectrol- 
ysis conditions, as mentioned in the NESC, and also 
to the influence of cathodic protection systems in the 
vicinity of the underground-line system. 

e. Metallic cables installed in metal riser pipes 
should be bonded to the risers. 

€. Cable buried without the protection of conduit 
should be restricted to areas where digging is infre- 
quent, the route of the cable should be marked with 
identifying signs. Treated boards should be installed 
several inches above the cables during the back&l! 
operation for mechanical protection 

g. Power-supply cables applied at voltage levels 
above 600 volts should conform to the specifications 
of the Insulated Power Cable Engineers Association 
(IPCEA). Consideration should be given to area and 
sctvice hazards. 


3.8.3.6  Splices 


a. Splices should be kept to an absolute minimum 
because they can be a poiential failure point. 

b. Splices should be made in accordance with the 
manufacturers’ recommendations for the types of cable 
used. 

¢. Splicing in manholes should be limited to one 
splice per cable. 


3.8.3.7 Terminators 


e. Cables should be terminated in thoroughly good 
connections and without damage to the conductors. 
Pressure connectors or splices to flexible Jeads are 
acceptable means of terminating. When solder lugs 
ate used for this purpose the connection should be 
made mechanically and electrically secure without sol- 
der before soldering. The material of the connecting 
device shall always be compatible with the material 
of the conductor because the different characteristics 
of aluminum, copper, and other materials used for this 
purpose can produce undesirable corrosion products. 
,b. Where underground cables are connected to 
overhead portions of the system, stress cones OF pot- 
heads shail be used to protect the cable insulation from 
the effects of weather and to provide a means of dis- 
posing of static stresses set up at the cable ends. Pot- 
heads should be of the compound-filled type with wiping 
sleeves, stuffing boxes, or clamping rings, depending on 
the type of service. Voltage ratings of these terminators 
should be coordinated with the insulation level of the 
cable, 
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SECTION 4—GROUNDING AND LIGHTNING PROTECTION 


4.1 Purpose 


This section is intended to provide a guide to the 
general principles of grounding and Jightaing protection 
as applied to the needs of the petroleum processing 
plant. § 


4.2 Scope 


This section is limited to the consideration of ground- 
ing practices in the situations most commonly encoun- 
tered in the petroleum industry. References to technical 
publications presenting detailed recommendations on 
design and installation standards for electrical equip- 
ment in general are included. 

The principal considerations in grounding in a proc- 
essing plant can be divided into four general headings: 


1. System grounding which is primarily concerned with 
the protection of the electric equipment and the relia- 
bility of the electric system. 


2. Methods of making an adequate connection to 
ground. 


3. Equipmeat grounding which is primarily concerned 
with protecting personne! from electric shock. 


4. Lightning protection which is primarily concerned 
with protection against the hazards of fire and explo- 
sions of flammable materials, as well as electrical equip- 
ment. caused by lightning surges. 


4.3 Static Electricity 


The important subject of protection against static 
electricity by bonding or grounding is not covered in 
this section. This subject is discussed in the AP! RP 
2003: Protection Against Ignitions Arising Out of 
Static, Lightning, and Stray Currents. 


4.4 System Grounding 


4.4.1 GENERAL 


There is today a considerable difference of opinion 
among electrical engineers and operators as to the reta- 
tive merits of grounded versus ungrounded systems at 
various voltage levels. In addition, there is considerable 
difference of opinion among proponents of the grounded 
systems as to whether a particular system should be 
solidly grounded, low-resistance grounded, high-resist- 
unec grounded, or reactance grounded. 

A full discussion of the relative merits of these vari- 
ous systems is not within the scope of this section, but a 
brief résumé of the various systems will be included. A 


more extensive discussion of this subject can be found 
in “Electric Power Distribution for Industrial Plants.” 
IEEE publication 14) and in “Grounding of Indus- 
trial Power Sysiems,” IEEE publication 142. 


4.4.2 UNGROUNDED SYSTEM 


The electrical distribution systems for many indus- 
trial instalfations, in the past, have been ungrounded. 
In these systems there is no intentional circuit to ground. 
In fact, this system is actually high-impedance capaci- 
tively grounded because of the capacitance coupling to 
ground of every energized conductor. The operating 
advantage of this system is that a single fine to ground 
fault will not result in a tripout of the circuit since there 
is only a minor charging current flowing to ground. 
During such a fault, the other lines will be subject lo 
full-line voltage to ground; therefore the conductors in 
such a system shoutd be properly insulated for this 
condition. 

The advantage of the ungrounded system js that it 
does not drop voltage on she occurrence of a single 
fault. This advantage will be lost if the ground is 
allowed to persist until a second ground occurs which 
would Cause an Outage. An adequate detection system, 
along with a program for removing grounds. is essential 
for best operation of an ungrounded system. 

Another advantage claimed for this system is that 
personnel coming in contact with a single conductor 
would be subjected to the capacitance charging current 
of the system only and would therefore be less subject 
to severe shock than with a grounded system. 


4.4.3 GROUNDED SYSTEM 


In recent years. grounded distribution systems for 
new industrial plants have been gaining favor. The 
advantage of system graunding is that it limits transient 
overvoltages caused by fault interruption and arcing 
grounds in an ungrounded system. In addition, it limits 
the voltage on the low-voltages system when primary- 
to-secondary transformer failures occur and provides a 
path for ground fault currents. (See Article 250 of 
the NEC for a listing of those systems on which ground- 
ing is mandatory.) 


4.4.4 METHODS OF GROUNDING ELECTRICAL 
SYSTEMS 


Resistunce-grounded systems employ a resistance 
connected between the system neutral and ground. This 
resistor ts then in parallel with the total system to 
ground capacitive reactance. 
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The high-resistance grounding system employs a 
resistance value equal to or somewhat less than the 
total system te ground capacitive reactance, This will 
limit the high transient overvoltages that can be created 
by an inductive reactance connection from one phase to 
ground or from an arcing or intermittent contact ground 
fault. In other respects this system is similar to the 
ungrounded system in that it can continue operation 
with at single line to ground fault. 

The tow-resistance grounding system uses a much 
lower value of resistance that is sized to give a ground 
fault current value suitable for relaying purposes. 
Typical current values will range from 400 amp on 
systems using sensitive window CT ground sensor relay- 
ing up to 2.000 amp on the larger systems using 
ground responsive relays connected in CT residual cir- 
cuits. This system provides a controlled value of 
ground fault current and eliminates the overvoltage 
problems of the ungrounded system. but it does involve 
the loss of power on a single line to ground fault. 

Solidly grounded systems give the greatest control 
over overvoltages but develop the highest magnitude of 
ground fault current. This high current may well 
create considerable problems of its own, particularly 
with equipment grounding design, The high-magnitude 
ground current is desirable to secure effective perform- 
ance of phase overcurrent trips or interrupters. 


4.5 Acceptable Ground Connection Values 


The ideal connection to ground would have zero 
impedance, but this cannot be obtained. Ground im- 
pedunce of one ohm can be obtained in most areas. 
although this may not be necessary in many cases. 
Since the resistance required varies inversely with the 
fault current to ground, the higher the fault current 
the lower the resistance must be. 

For large substations and generating stations. the 
impedance to ground should be one ohm. For smailer 
substations and for most processing plants in general. 
an impedance of five ohms or less should be obtained. 
The Nationat Electrical Code recommends that the 
maximum impedance shall not exceed 25 ohms. 


4.6 Equipment Grounding 


4.6.1 PURPOSE 


The purpose of equipment grounding is to insure that 
all parts of a structure or equipment enclosure, except 
those carrying current. are not at a potential above 
ground which will be hazardous to personnel. Ground 
connections and devices must be adequate to ensure that 
abnormat conditions. such as ground faults or lightning 


strokes, will not raise the potential of the structure or 
enclosure to a hazardous level. 


4.6.2 GROUNDED EQUIPMENT 


The metal framework of all structures and buildings 
housing or supporting electrical power equipment and 
ail noncurrent-carrying metat parts of electrical equip- 
ment and devices should be grounded by connection to 
a grounding clectrode. The ground network for a large 
or complex plant may involve an extensive network of 
electrode equipment-ground buses and structure-ground 
buses interconnected by cables of the plant ground 
loop. For other installations, the grounding electrode 
may be relatively simple, such as a single connection to 
a buried pipeline or ground rod. 


4.6.3 GROUNDING SYSTEM 


The principal requirement of a grounding system is 
to maintain the resistance to earth of structures and 
equipment enclosures at the lowest practicable value. 
With such a system, the potential to ground during 
fault conditions will not be dangerous to personnel and 
equipment. and protective devices wil! operate properly. 

Ground connections ace made in a number of ways, 
including contact with buried pipeline. driven ground 
rods. buried ground-wire grid systems and other means. 
Specific requirements for the design and installation of 
jow-impedance ground systems are given in numerous 
technical publications, such as Articles 250-81, 82, and 
83, NFPA-70 and Part 1V of “Grounding of Industrial 
Power Systems,” FEEE 142, These codes and guides 
should be followed carefully, 

In addition to structure and enclosure ground con- 
nections, connections ure required for system ceutral 
grounding. These connections introduce problems quite 
different from those of enclosure grounds. Neutral 
grounding conductors to the ground grid shall be com. 
pletely independent of the equipment enclosure ground 
connection to the grid. 


4.6.4 SPECIFIC GROUNDING APPLICATIONS 


In the petroleum industry the most frequent applica- 
tions of ground network invalve the following: 


4.6.4.1 Structures 


Steel building frameworks, switchgear structures. and 
similar installations shall be grounded at several points 
(at least two per structure) with substantial connec- 
tions to the ground bus. 
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4.6.4.2 Motor and Generators 


Motor aud generator enclosures shall be connected 
to the grounding electrode. This connection may be a 
separate groundwire connection from each machine 
enclosure to the ground network. However, if the 
machine enclosures are connected to a continuous- 
threaded, rigid-metal conduit system having at leat 
one ground network connection, the conduit system 
may be utilized as the ground connection. In either 
case, the separate groundwire connection or the con- 
duit-systern connection must provide a low-impedance 
circuit from machine enclosure back to the source of 
ground. 


4.64.3 Metallic Sheathed or Metallic 
Shielded Cables 


The metallic sheath or metallic shield of any cable 
shall be continuous over the entire run and shall be 
grounded at each end. If any such cables are spliced, 
care must be exercised to obtain continuity as well as 
effective grounding of either shield or sheath at the 
splice. Where metallic armor is used over metallic 
sheath, sheath and armor shall be bonded together and 
connected to a ground network at each end of the cable 
and at any accessible splices. 


4.6.4.4 Conductor Enclosures 


The NEC requires that exposed metallic noncurrent- 
carrying enclosures of electrical devices be grounded. 
This includes conduit, raceways, and similar equipment. 
Where the continuity of the enclosure is assured by its 
construction, ground connections at one point will be 
adequate. If continuity is not assured by the type of 
installation. care must be taken to provide adequate 
connections to the ground network. 


4.6.4.5 Enclosures for Electrical Equipment 


‘Switchgear and similar etectrical equipment encto- 
sures usually incorporate a ground bus to be connected 
to the plant ground network, It is good practice to 
specify such a ground-bus system in switchgear. control 
centers, and similar electrical cquipment. 


4.64.6 Fences 


As a general rule, metal fences and gates enclosing 
electrical equipment or substations should be ade- 
quately grounded. A number of problems are involved 
here, including such factors as the resistance to ground 
of the station ground bus, the grounded or ungrounded 
operation of the clectical system neutral, and the dis- 
tance of the fence from grounding electrodes. This, 


also, is a technical problem requiring the attention of 
an experienced electrical engineer. 


4.6.5 PORTABLE ELECTRICAL EQUIPMENT 


This section is limited to consideration of portable 
electrical equipment operating at 600 volts or less; por- 
table equipment operating at higher voltages is infre- 
quent and requires specialized consideration. 

Portable clectrical equipment presents one of the 
grcatest potential hazards (although frequently unrec- 
ognized) to personnel. It is mandatory that the en- 
closures of portable equipment of any type be main- 
tained at ground potential or be protected by an 
approved system of double insulation. 

Portable electrical devices not double insulated and 
operating above 50 valts shall be provided with a cord 
containing a separate grounding conductor terminating 
in a polarized plug to be used with a matching recep- 
tacle. The ground contact of the receptacle shall be 
properly tied to a ground network. 

For personnel safety, some companies use (a few 
jurisdictions require) portable electrical devices which 
may be connected to a low-voltage source. 


4.7 Grounds 


47.1 EFFECTIVENESS 


The importance of low-resistance grounds is gener- 
ally recognized, but there has been much uncertainty 
{and even confusion) over the means of achieving such 
low resistance to ground. Basically, the resistance of a 
ground is a function of (1) the specific resistivity of the 
soil or other environment and (2) the linear extent 
(length) of the ground. This is, of course, an over- 
simplified description; the actual resistance of a ground 
bed is affected by the number and spacing of electrodes 
(ground rods) involved. The effectiveness of the ground 
js the most significant factor in network design. 


4.7.2 GROUNDING ELECTRODES 


The ground-rod type of grounding connection is well 
known and most common. As indicated in Par, 4.7.1, 
however, the actual contribution of ground rods to 
lowering the electrical resistance of a ground network 
may vary greatly with the type of system and its envi- 
ronment. The resistance to ground of the network, 
usually, will be Jowered significantly by bare conductors 
used to provide continuity of the ground network. In 
special cases it may be necessary to consider the use of 
catensive gids ur ground plates to lower the resistance 
of the ground network to an acceptable value. Ap- 
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Proved methods of making electrodes are listed in Para- 
graphs 250-82 and 83 of the National Electrical Code. 


4.7.35 GROUND RESISTANCE 


In most installations, it is necessary to measure the 
resistance to ground of the network if the actual value 
of this resistance is significant. The most common 
method of measuring ground network resistance is the 
“three-clectrode” technique described in clectrical en- 
gineering handbooks. 


4.7.4 CORROSION PROBLEM 


Until recently, ground networks have been con- 
structed exclusively of copper or copper-plated ground 
rods and buried copper cable. Because of the increas- 
ing awareness of galvanic corrosion problems, engineers 
have recognized that buried copper may accelerate the 
corrosion of steel piping and structures that are elec- 
trically connected to the system. In such a situation, 
the use of zinc or other electrodes not involving galvanic 
action to steel should be considered, but care should be 
taken to insure that the ground electrodes do not cor- 
rode and reduce their effectiveness, 


4.8 Lightning Protection 


4.6.1 GENERAL 


Lightning is a very large electric spark in the atmos- 
phere, between the earth and a charged cloud, or be- 
tween two oppositely charged clouds. Lightning damage 
to equipment and structures is a result of the flow of 
lightning discharge current through any resistance in its 
path. For this reason, lightning protection facilities use 
air terminals (“dightning rods”) to divert the lightning 
current path to ground through circuits of adequately 
low electrical impedance. 


4.8.2 CONE OF PROTECTION 


It is generally agreed that protection against lightning 
strokes is achieved when the structure or equipment is 
located within a cone having a lightning rod as its apex 
and a radius equal to the aboveground height of the rod. 
However, for multiple and many single lightning rod in 
stallations, experienced engineers have calculated the 
“cone of protection” to be the cone-shape space with 
a radius twice the aboveground height of the air ter- 
minal. For further guidance refer ta NFPA No. 78, 
“Lightning Protection Code.” 


4.8.3 NEED FOR PROTECTION 


Although it is not possible positively to protect the 
equipment from direct lightning strokes (except by sur- 


rounding it with a grounded metal enclosure) protection 
from probably more than 95 percent of the possible 
strokes can be achieved by properly designed protective 
systems. Several factors should be taken into considera- 
tion when deciding whether or not lightning protective 
devices are required for various installations. The ma- 
jor factors to be considered are: 


1. The frequency and severity of thunderstorms. 


Personnel hazards. 


2 

3. Inherent self-protection of equipment. 

4, Value and nature of the structure or contents. 
§ 


Possible operating loss caused by plant shutdowns. 


4.8.4 PROTECTED EQUIPMENT 


Ordinary steel structures, process columns, vessels, 
steel storage tanks, and steel stacks of a petroleum 
processing plant or similar installation are inherently 
free from damage by direct lightning strokes. How- 
ever, it is considered good practice to ground the taller 
structures adequately to prevent possible damages to 
their reinforced concrete foundations, and to provide a 
cone of protection for electrical apparatus and other 
equipment in the immediate area. The API RP 2003 
describes the recommended grounding practices for 
Protecting processing plant structures against lightning. 

Electrical distribution systems should be protected 
against lightning strokes to avoid: 


1. Damage to the equipment. 
2. Plant shutdown. 


3. Petsonnei shock hazards from electrical geac and 
other interconnected equipment. 


Overhead lines can be shielded from lightning strokes 
by the installation of overhead ground wires to provide 
a “triangle of protection” for the phase wircs. Similarly, 
substations and outdoor switching equipment can be 
shielded by lightning towers or overhead ground wires. 
These shielding devices must be connected ta an ade- 
quate ground system to be effective. Aerial cable, nor- 
mally, will be protected by its messenger if the mes- 
senger is adequately grounded at frequent intervals. If 
the cable has a metallic sheath or metallic shielding 
tape, the outer sheath or tape should be bonded to the 
messenger at each ground point. Feeders consisting of 
cables in conduit are essentially self-protecting, but con- 
duit and metallic sheaths should he properly grounded 
and bonded to the equipment at each end. 
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4.8.5 LIGHTNING ARRESTERS 


Where clectrical equipment is cxposcd to dircet 
lightning strokes or to voltage surges caused by light- 
ning, it should be protected by suitable lightning arrest- 
ers in addition to the types of shielding outlined herein. 
Arresters have the characteristic ability to pass essen- 
tially no current at linc voltages but will pass very high 
currents at surge voltages with little /R voltage drop. 

Arresters should be installed as close as possible 
to the equipment to be protected and. usually, will be 
required for: 


1. Both high- and Jow-voltage tcrminals of distribution 
transformers with open bushings. 

2. At the junction of the transformer-feeder cable and 
open wireline for completely enclosed transformers. 

3. On open wirelines at each point where a cable junc- 
tion is made. 

4. At the terminals of dry-type transformers when fed 
from an exposed line. 

5. At the terminals of important high-voltage motors 


fed from an exposed line, or supplied by a transformer 
fed from an exposed line. 


6. On the secondary side of a transformer fed from an 


exposed line for the protection of a group of motors 
(usually combined with capacitors). 


Arresters installed on systems using utility power 
should be coordinated with the utility. 


4.8.6 PROTECTIVE CAPACITORS 


Capacitors sometimes are used to protect equipment 
having Jow electrical impulse strength. These installa- 
tions may be helpful or detrimental and will require 
careful electrical engineering attention. 


4.9 References 


Attention “is directed to the latest edition of the 
“National Electrical Code,” NFPA 70, “Electric Power 
Distribution for Industrial Plants,” IEEE 141; “Ground- 
ing of Industrial Power Systems.” ICEE 142 (ATEE 
953); “Recommended Practice for Protection Against 
Ignitions Arising Out of Static, Lightning and Stray 
Currents," API] RP 2003; and “Research on the Light- 
ning Phenomenon,” Journal of the Franklin tstitute. 
Vol, 283, Number 6, June 1967. 


SECTION 5—MOTORS AND CONTROLLERS 


5.1 Scope 


This section is intended to serve as a guide in the 
selection and application of motors and controllers to 
meet the varied demands of the petroleum processing 
industry. 

Because of its broad field of application, the material 
presented will be of a general nature and apply to cur- 
Tent processing plant practice. Industrial motor con- 
trols and enclosures are manufactured in accordance 
with approved standards of the Institute of Electrical 
and Electronic Engineers (IEEE) and the National 
Electrical Manufacturers Association (NEMA). When 
more specific or detailed information is required, the 
equipment manufacturer should be consulted. 

D-C motors are not common in petroleum processing 
plants because most process areas are classified accord- 
ing to Article 500 of the National Etectrical Code. This 
would require d-c motors to be explosionproof, cven 
in Division 2 areas. The high cost of d-c motors and 
comrols compared with the three-phase induction type 
makes the d-c equipment unattractive, Most process- 
ing plant drives arc constant specd and, thus, three- 
Phase induction motors fit these applications, 


5.2 Motor Rerating 


Motors have been rerated at various times, usually 
resulting in smaller frame sizes for given horsepower 
sizes. The latest rerate program has resulted in the T- 
frame series. Generally, these. motors operate with 
higher temperature rise and are rated 230 and 460 
volts instead of 220 and 440 volts respectively. Al- 
though frames are smaller for given horsepowers the 
shaft and bearing sizes have been retained. Thus a 
given size T-frame motor will normally have the same 
shaft size as the former U-frame motor of the same 
horsepower and speed although the housing is smaller. 
Class B insulation is the minimum insulation used be- 
cause the hot-spot temperatures are too high for Class 
A insulation. 

Since the T-frame motors are designed to closer 
tolerances and will operate at higher insulation and 
bearing temperatures, it is recommended that care be 
exercised in sizing the T-frame motors to fit their asso- 
ciated loads. They should also be operated as near 
rated voltage as possible. 
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5.3. Relative Location of Motors and 
Controllers 


It is not practical to locate the controllers near the 
motors in typical processing units and similar instaila- 
tions involving a number of electrically driven items in 
a well-defined operating area, such as the area within 
battery limits. It is therefore common practice in such 
cases to use magnetically operated controllers and to 
install them remotely from the motors, in a single group, 
unless the installation is extensive enough to require 
more than one group. 


5.4 Frequencies 


A frequency of 60 Hz is recognized as the preferred 
standard for all a-c systems and equipment in the 
United States. Standard motors are available for opera- 
lion at frequencies of 25 and 50 Hz, but use of equip- 
ment at these frequencies, generally, is limited to loca- 
tions where 60-Hz power is not available. 


5.5 Standard Voltages for Motors 


Most of the motors used in the industry have voltage 
ratings as indicated in Par. 5.7. In addition to the rat- 
ings listed, other standard ratings are available and are 
sometimes used. For information regarding standard 
motor ratings, it is recommended that the user refer to 
catalogues and other Wala available from manufacturers. 
Additional information may be obtained from current 
standards of the American National Standards Institute 
ANSI and NEMA. 


5.6 Method of Starting 
5.6.1 RECOMMENDED METHODS 


Te is recommended that full-voltage (across-the-linc } 
starting be considered as the preferred method in al! 
cases where it is practical to use it. Reduced-voltage 
starting equipment is more expensive than equipment of 
the across-the-line type, and is not recommended except 
where it is necessary to limit starting current inrush 
below the amount which would be drawn with full- 
voltage starting. 

It is also important to consider the current inrush to 
various motors following a voltage dip. The inrush 
during resynchronizing will often nearly equal the start- 
ing inrush, so that if motors are to operate satisfactorily 
through a voltage dip, the system must be “stiff” enough, 
thereby eliminating the need for reduced-voltage start- 
ing. Reduced-voltage controllers reduce the net torque 
exerted by the motors and, in some cases, may compli- 
cate the starting problem. especially for synchronous 
motors. 


5.6.2 FULL-VOLTAGE STARTING 


In general, the full-voltage starting control, supplied 
in Use oil-immersed or the alr-break type, offers the 
simplest and most economical method of starting induc- 
tion motors. This is based on acceptable motor-loading 
conditions and the ability of the power distribution sys- 
tem to function without undue voltage disturbance dur- 
ing motor start-up. Improved design has made the 
modern motor more adaptable to across-the-line start- 
ing, particularly in the small and medium horsepower 
sizes. Tn contrast, synchronous and large induction 
motors, which are finding increasing acceptance in the 
industry, usuatly at the higher voltages, may require 
more control selectivity because their size may represent 
an exceptionally large portion of the available power 
system capacity. In this connection, circuit breakers 
operating at normal breaker duty cycle may provide the 
dual service of controller and disconnecting means. 


5.6.3 REDUCED-VOLTAGE STARTING 


5.6.3.1 Starting Control 


Starting control for all motors is essentially the 
same. In the larger sizes, however, representing a con- 
siderable investment of capital and upon which a higher 
degree of dependability is placed, the complexity of 
control increases. Unfortunately, the larger motor can 
demand a power distribution system with a high short- 
circuit level to prevent undesirable voltage effects when 
applied directly across-the-line under load. Where these 
undesirable effects may be produced, reduced-voltage 
Starting should be considered, It is not enough merely to 
reduce starting currents to a satisfactory level. The 
motor characteristics, also, must be checked to ensure 
sufficient torque to accelerate the load at the reduced 
voltagc. 


$.6.3.2 Reduced-Voltage Starters 


The autotransformer, reactor, and resistor type of 
reduced-voltage starters provide methods for decreasing 
the starting inrush current of squirrel-cage and syn- 
chronous motors. Though more costly than the full- 
voltage type, these methods may be indicated where 
specific high-inertia loads are encountered (see Fig. 
16). 


5.6.3.3 Increment Starting 


Increment starting using a single winding on the 
lower voltage of a dual-voltage motor may also be 
used to reduce starting inrush. This method is nor- 
mally used where moderate starting torque is satis- 
factory. 
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Fig. 16—Typical Wiring Diagram for Avtotransformer 
Method of Reduced-Voltage Starting. 


5.7 Motor Voltage Selection 


5.7.1 SINGLE-PHASE MOTORS 


Single-phase motors for driving fixed equipment usu- 
ally are rated to operate at 115 volts or 230 volts. For 
portable motors, 115 volts generally is preferred, except 
where there is reason to use equipment designed for 
some lower voltage, such as 32 volts. 


5.7.2 THREE-PHASE MOTORS 


For three-phase motors, 460 volts, generally, is pre- 
ferred for low-voltage service (less than 600 volts). 
Motors of 208, 230 or 550 volts generally would not 
be used except in instances where power is readily and 
economically available at these voltages, and where 480 
volt service would entail extra expenditures which 
would not be justified on the basis of short-range and 
long-range consideration. 

For service in excess of 600 volts, the generally pre- 
ferred voltage for motors is 2,300 volts. Motors rated 
higher than 2,300 volts may be used where economi- 
cally justified. 

Special consideration should be given to all aspects 
of an installation before a motor rated higher than 
2,300 volts is used, 


5.7.3 BREAK-POINT 


The economic break-point between the installation 
of low-voltage motors (460-volt range) and high- 
voltage motors (2,300 volts and higher) is usually in 


the range of 250 hp to 300 hp, Motors of 2,300 
or 4,000 volts are used up to 20,000 hp or larger. 
The choice between 2,300 or 4,000 volts will depend 
on the economics of the individual plant under con- 
sideration. Motors of 13,800 volts are normally not 
economical except in sizes above 10,000 hp, 

This break-point will vary depending upon the local 
conditions and the relative number of large and small 
motors to be served at the location under considera- 
tion. If such break-point has not already been estab- 
lished, 1% is recommended that an engineering analysis 
be made before proceeding with an installation. This 
analysis wili determine the economic dividing line, tak- 
ing into account the cost of necessary transformers, 
controllers, and all other applicable elements. 

After the break-point has been established and has 
been used as a guide for making installations at a par- 
ticular plant or location, it is advisable to restudy the 
economics regularly to be certain the previously estab- 
lished dividing line still holds, Allowance should be 
made for the value of maintaining interchangeability 
between motors of the same ratings and types. 


5.7.4 SUPPLY VOLTAGE 


Supply voltage and frequency at the motor should be 
maintained within the limits set forth in ANSI Standard 
C50. 


5.8 Temperature Considerations in Motor 
Applications 


5.8.1 NORMAL-TEMPERATURE OPERATION 


Motors of standard design and construction are suit- 
able for operation at their standard ratings, provided the 
temperature of the cooling air (ambient temperature) 
does not exceed 40 C. Generally, this will be the case, 
but account should be taken of conditions where higher 
ambient temperatures may prevail continuously or for 
extended periods, as in a tropical location, and in op- 
erating areas where heat is liberated at such rates as to 
cause ambient temperatures to be excessive. Where 
temperatures exceeding 40 C prevail, motors for con- 
tinuous duty should be selected on the basis of the 
ambient temperature. Motors for intermittent duty 
(as for machine tools) and motors for service where 
the ambient temperature normally will not exceed 40 
C are selected on the basis of 40-degree ambient tem- 
perature. 


5.8.2 HIGH-TEMPERATURE OPERATION 


Motors which arc to be installed where the tempera- 
tures normally will exceed 40 C should be considered 
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as special and shall be suitable for dependable service 
at expected ambient temperature. Consideration also 
shuuld be given to satisfactory lubrication at abnormally 
high temperatures. 


5.8.3 LOW-TEMPERATURE OPERATION 


Where ambient temperatures of fess than 10 € will 
be encountered for extended periods, consideration 
should be given to the problem of obiaining proper 
lubrication at low temperatures, 


5.9 Other Conditions Affecting Design and 
Application 


Where motors are subjected to unusual conditions 
and there is doubt as to the type, etc., to specify when 
ordering, the manufacturer should be advised of the 
conditions to be met, especially when used under the 
following conditions: 


Canditions 


. Exposed to chemical fumes. 
2. Operated in damp places. 


3. Driven at speeds in excess of over-speed limitations speci- 
fied in ANSI Standard C50, 

4. Exposed to steam. 

5. Operated in poorly ventilated spaces. 

6. Normally exposed to flammable or explosive gases or va- 
pors (areas classified as Class I, Division 1). 

6a, Infrequently or rarely exposed to hazardous vapors (areas 
classified as Class f, Division 2). 


7. Exposed to temperatures under 10 C or over 40 C. 
8. Exposed to oil vapor, 
9. Exposed to salt air. 


10. Exposed to the weather. 


1b. Exposed to abnormal shock or vibration from external 
sources. 

12. Where departure from rated voltage exceeds the limits 
specified in ANSI Standard C50. 

13. Where parallel operation of motor-driven generator is re- 
quired. or similar applications where two or mare motors 
need to be matched as to speed-torque characteristics. 

14. Where the alternating supply voltage is unbatanced. 

15. Operated at altitudes over 3,300 ft above sea level. 

16, Other unusual conditions, such as extended periods of idle- 
nisss, special turque requirements, or unusual operating 
duty. 


ternating current except where it is more economical to 
use three-phase synchronous motors or single-phase in- 
ductiur motors. 


$.10.2 SMALL MOTORS 


It is a common and convenient practice to use single- 
phase motors for all ratings up to some fixed size (such 
as ‘2 hp or | hp); and to use three-phase motors for 
higher horsepower ratings. Where a three-phase, low- 
voltage supply is readily and as economically available, 
small motors may be three-phase. These are more ad- 
vantageous from a maintenance standpoint because 
they contain no contact-making device. An engineering 
analysis should be made for each application where the 
answer is not cbvious. The difference in the cost of 
supplying current to the motors of the two types, when 
considered with other cost factors, is often sufficient to 
determine the proper installation to make. 

Single phase motors, whether of fractional or inte- 
gral horsepower sizes, generally are recommended for 


Generally Applied Types 


Chemical type motors. 

2. Additional impregnations and/or heaters within for off- 
periods of operation. 

3. Consult manufacturer. 


4. Totally enclosed. 

5. Class B or H--special insulation. 

6. Class 1, Group D motors specially ventilated with clean 
air, or pressurized. 

. Totally enclosed, or Class 1, Group D, or squirrel-cage 
motors of any type which have no contact devices, With 
contact devices, motor must be Class 1, Group D, 

7. Consider special insulation and/or lubrication. 

8. Consider totally enclosed motors. 

3. Totally enclosed and of cast-iron construction or chemical- 

type motors. 

10. Consider totally enclosed motors or otherwise weather 

protected. 

12. Consult manufacturer. 


gs 


#2. Consult manufacturer. 
t3. Consult manufacturer, 
14. Consult manufacturer. 


15. Should be derated (consult manufacturer). 
16, Should be deruted (consult manufacturer}. 


5.10 General 


5.10.1 USUAL TYPES 


Most of the motors used in petroleum refining and 
associated petrochemical industries are three-phase, 
squirrel-cage induction type operating on 60-Hz al- 


use only where installed costs will be low enough to 
justify their use in preference to three-phase induction 
motors. The factors to be considered include probable 
future needs as well as immediate requirements. 
Where installed costs are substantially equal, three- 
phase induction motors usually would be preferred be- 
cause of their relatively greater simplicity, reliability, 


32 AMERICAN PETROLEUM INSTITUTE 


and lesser maintenance especially for process service 
where continuity of service is important. For critical 
process service even small motors should be three- 
phase, 460 volts to improve reliability. 


5.10.3 POWER FACTOR IMPROVEMENT 


Capacitors and synchronous motors, generally, afe 
considered where power factor improvement is justified 
and where other characteristics suit the application. 

Low-speed engine-type synchronous motars are well 
suited for use as drives for certain low-speed equip- 
ment, such as compressors and pumps of the reciprocat- 
ing type. Synchronous motors often are used instead 
of induction motors, particularly at speeds less than 
514 rpm where it is practical to avoid the use of gears 
or other speed-reducing equipment. Another advantage 
of the low-speed synchronous motor is that it is obtain- 
able with low locked-rotor current, a factor of im- 
portance at some locations. 

High-speed synchronous motors are well adapted as 
drives for large rotating equipment such as fans, 
blowers. and centrifugal pumps. Sometimes they are 
used in preference to squirrel-cage induction motors 
where the resulting improvement in power factor will 
yield a satisfactory rate of return on the additional in- 
vestment required. 

Synchronous motors of both the high-speed and 
low-speed types are available in a wide range of sizes 
and speeds to operate in either 1.0 power factor, or 0.8 
leading power factor. = 

Brushless synchronous motors are now used exten- 
sively in the petroleum processing industries. For ex- 
citation the brushless system uses an alternating-current 
exciter with diode rectification. The a-c exciter in turn 
receives its excitation and control from a small rectifier 
assembly and rhcostat fed from the same a-c source as 
the motor. There are no brushes, commutator or col- 
lector rings which have been the disadvantages of 
synchronous machines in the past. Since there are no 
arcing devices in the brushless motor it can be used in 
Class I, Division 2 locations without an explosionproof 
enclosure. 

Where power factor improvement is economically 
justified and the use of a synchronous motor instead 
of a squirrel-cage induction motor is not clearly in- 
dicated for some other reason (such as speed require- 
ments, or other considerations), it is recommended that 
an cnginecring analysis be made to determine the rel- 
ative economy of a synchronous motor versus a squirrel- 
cage induction motor plus a shunt capacitor of sufficient 
size to give power factor correction equivalent to the 
amount that would be afforded by the synchronous 
motor. Unless there is a clear economic justification 


for the use of a synchronous motor in preference to an 
induction motor (under the preceding conditions), the 
squirrel-cage induction motor, generally, would be rec- 
ommended because of its greater simplicity, reliabil 
and lesser maintenance. 


5.10.4 SYNCHRONOUS MOTOR EXCITATION 


When a synchronous motor installation is made, it is 
advisable to arrange ils d-c excitation so that it is not 
readily adjustable by untrained personnel and to see 
that the proper excitation is maintained. Otherwise, it 
may be found that excitation is not being maintained 
at normal value, with the result that the anticipated 
amount of power factor improvement is not being 
realized in actual service. In addition, the performance 
of the motors may be adversely affected. 


5.10.5 VARIABLE-SPEED MOTORS 


For occasional application, where constant single- 
speed or multispeed motors would not meet operating 
requirements, a-c wound-rotor motors, commutating- 
type motors of the adjustable-speed type, d-c motors, 
or variable-frequency type installations may be re- 
quired. However, these types are not used in petroleum 
Processing plants often enough to warrant treatment 
here. Each application should be given individual 
consideration. 


5.11 Outdoor Installation 


5.11.1 GENERAL 


It is the practice of more and more users to install 
as much electrical and mechanical equipment as prac- 
tical outdoors without shelter from the weather. This 
applies particularly to pumps, drivers, and associ- 
ated equipment which are well suited to outdoor service. 
In most cases, this saves substantial expenditures for 
buildings in which to house equipment. As buildings 
tend to confine and accumulate the volatile fractions 
released by process equipment located inside or in the 
immediate area, outdoor installations may simplify the 
problem of preventing the accumulation of such frac- 
tions. Expcricnce has shown that outdoor operation of 
electric motors, generally, is practical and economical 
with properly selected equipment. 


5.12.2 WEATHER-PROTECTED TYPES 


Motors for outdoor service are obtainable in the 
totally enclosed type (explosionproof and nonexplosion- 
proof); in certain pipe-ventilated or base-ventilated 
types; or in various enclosed, force-ventilated, or in- 


ternally pressurized types. Drip-proof types have been 
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used in various applications but are not usually rec- 
ommended for general outdoor use in processing 
plants. Weather-protected types of various designs 
(NEMA Type I or If) are being manufactured on an 
increasing scale, some being available with air filters. 
Motor manufacturers have improved enclosure design 
to the point where weather-protected motors have wide 
acceptance in sizes above 250 hp. 


5.12 Totally Enclosed Motor Construction 


External housings should totally enclose this type of 
motor. Designs in which the stator laminations form a 
part of the enclosure, or in which the stator laminations 
ate’ otherwise exposed to the external cooling air, are 
not recommended. 

Motor frames and enclosures preferably should be of 
cast iron since motors of this construction are most sat- 
isfactory where the motor is used outdoors or otherwise 
exposed to corrosive conditions. As cast iron is not 
always available, steel in adequate thickness and with 
Proper protective coating is acceptable. 

The conduit or terminal box should be of cast con- 
struction and should have a hub threaded for rigid 
steel conduit. 

Vertical motors should have a drip shield over the 
fan. 


5.13 Accessibility 


All motors should be designed to permit ready re- 
moval of the rotor and the bearings and to facilitate 
flushing and relubrication of bearings. All synchronous, 
wound-rotor, and commutating motors of the enclosed 
type should have removable covers to give ready access 
to slip rings, commutator. and brushes to facilitate in- 
spection, adjustment, and repair. Eyebolts, or the 
equivalent, should be provided for lifting motors weigh- 
ing more than 150 pounds. 


5.14 Motors for Class | Locations 


5.14.1 SUITABLE TYPES 


Motors for use in Class I, Division 1 locations (as 
defined in Art. 500 of the NEC) shall be of the en- 
closed explosionproof type, and shall be suitable for 
use under the specific conditions to be encountered in 
service, such as Class I, Groups A, B, C, or D. If 
motors are not available for Groups A and B, then 
totally enclosed motors with pressure ventilation or 
o¢ totally enclosed inert-gas-filled motors must be used. 
For complete details see latest issue of the NEC. 


5.14.2) UNDERWRITERS’ APPROVAL 


Motors should bear Underwriters’ Laboratories label 
of approval where available. Underwriters’ Labora- 
tories cannot test, and therefore are not in a position 
to approve and label, many of the larger motors, par- 
ticularly those which exceed 600 volts. Where such 
motors are available without Underwriters’ Labora- 
tories label of approval, manufacturers are generaily 
in a position to certify or state that design and con- 
struction comply with Underwriters’ Laboratories re- 
quirements for such equipment. 


5.14.3 CARE IN INSPECTION 


The Underwriters’ Laboratories labef becomes void 
when the motor enclosure is opened, unless an au- 
thorized Underwriters’ Laboratories inspector is present 
to supervise the work and the reassembly of the motor. 
Because it is not often practicable to have repairs made 
under such restrictions, the number of motors with valid 
labels is limited. Experience has shown, however, that 
by exercise of care on the part of maintenance forces. 
it is practicable to handle such work satisfactorily in 
the field. 


5.14.4 DIVISION 2—SPARKING TYPES 


Motors for use in Class I, Division 2 locations, as 
defined in Art. 500 of the NEC, in which are employed 
sliding contacts, centrifugal or other type of switching 
mechanisms (including motor over-current devices), or 
integral resistance devices, either while starting or while 
tunning, shall be of enclosed explosionproof type ap- 
proved for Class I, Division 1 locations, unless such 
sliding contacts, switching mechanisms, or resistance 
devices are provided with explosionproof enclosures, 
approved for Class I locations. 

The current issue of the NEC permits the installation 
of squirrel-cage induction motors (those without 
brushes, switching mechanism, etc.), in Class I, Di 
sion 2 locations, in enclosures other than explosion- 
proof types. This is based on the fact that it is not 
probable that a motor of the nonsparking type will fail 
electrically during those rare periods when gases or va- 
POIs are present in ignizable quantities. 

Motors for use in a Class I area, either Division 1 
or Division 2, should be nonsparking mechanically, as 
well as electrically. For example, the fan or fans of a 
fan-cooled motor should be of nonsparking material. 


5.14.5 DIVISION 2—NONSPARKING TYPES 


A motor intended for use in Class I, Division 2 ser- 
vice, if not of the totally enclosed type, shall be so 
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constructed as not (o cause induced electrical sparks, 
such as may occur as a result of Jonse rotor hars, during 
starting or resynchronizing after a voltage dip. This 
circumstance requires special consideration in the case 
of synchronous machines equipped with enclosed col- 
lector rings. 


5.14.6 OTHER FACTORS 


Even when other considerations may not dictate the 
use of totally enclosed or explosionproof motors, factors 
such as dust, dirt, and corrosive fumes may influence the 
type of enclosure to be used. 


5.14.7 PRESSURE-VENTILATED TYPES 


Where there is a special advantage in using a syn- 
chronous or wound-rotor induction motor, as in ap- 
plications involving low speed, variable speed, or power 
factor improvement, the problem has been solved satis- 
factorily by installing a motor having a totally enclosed 
pressure-ventilated enclosure or, when the installation 
permits, a pressurized enclosure around the collector or 
slip rings only. An example of a motor of this type is 
one built with a gasketed steel metal housing. 

If a motor has brushes or slip rings, it is desirable, 
when practical, to have its enclosure provided with 
pressure-tight windows to permit observation of brush 
or slip-ring operation. 

A separate source of suitable ventilating air is pro- 
vided for a motor of this type, usually by means of a 
separate motor-driven blower, with air drawn from a 
safe point. A common arrangement is to have the 
blower so interlocked with the main motor controller 
that the blower must be started and must remain in op- 
eration for some fixed period (¢.g., 30 secunds) before 
the main motor can be started. Often a vane coupled to 
an explosionproof switch is installed in the duct and ad- 
justed’so as to trip the main motor if either the vane- 
operated switch or the blower motor controller should 
open. A similar arrangement has been employed with 
large induction motors of the pipe-ventilated, or com- 
parable types. 


5.14.8 LARGE PRESSURIZED TYPES 


When it is necessary to use a large motor of the in- 
duction or synchronous type in a Class 1, Division 1 
area, the problem has been solved by using a totally 
enclosed motor. pressurized internally with inert gas or 
safe air, and arranged for water-cooling or susface-air 
cooling. (Refer to NFPA No. 496.) 

In this type of installation, the motor housing must 
be specially designed so as to be airtight and to provide 


tight closure around the shaft to prevent excessive loss 
of the filling medium. In the event of a pressure failure, 
it is advisable to disconnect the motor from its power 
source. An alarm should be provided to warn of this 
condition. 

Nitrogen is the generally preferred filling medium, 
because of the tendency of carbon dioxide (CO.) to 
form carbonic acid in the presence of moisture. When 
a motor of this type is used, the oil seals should be of 
a type that will prevent oil from being drawn into the 
motor when the motor is shut down but cooling water 
continues to flow through cooler. 

Consideration also should be given to accessories 
such as: 


1. Indicators to show whether cooling water is flowing 
in the proper amount. 


2, Warning alarms or automatic-shutoff devices to op- 
erate as desired in the event of loss of pressure inside 
the motor, loss of cooling water supply, leakage of 
water from cooler, overheating of stator windings or 
bearings. 

3. Other devices required to give the degree of pro- 
tection warranted for the particular application. 


5.15 loading of Motors 
5.15.1 SERVICE FACTOR: GENERAL-PURPOSE 
RATINGS 


In order to apply a motor properly and most eco- 
nomically, it is necessary to take into account its ser- 
vice factor. A commercially standard, general-purpose, 
integral-horsepower, open motor generally will have a 
service factor of 1.15 and will carry its rated full load 
continuously without exceeding rated temperature rise. 
It will continuously carry 115 percent of rated full load 
without attaining excessive temperature, although insu- 
lation life will be greatly reduced. It is recommended 
that service factor rating be reserved tor tuture load 
increases and contingency use. 


5.15.2 SERVICE FACTOR: OTHER TYPES 


For motors other than the standard open type, the 
service factor is generally 1.0 with no margin exceeding 
the nameplate rating. This applies to standard motors 
of the totaily enclosed type, and others with ratings in 
excess of 65 C rise. It is not good practice to impose 
continuous loads in excess of nameplate rating on such 
motors and. therefore, it is advisable to determine load 
requirements definitely and size motors conservatively. 

As an example, a certified copy of the charactcristic 
curve of a centrifugal pump should be examined over 
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its entire length to determine the maximum Joad it can 
impose on its driver. Motors with a 40 C rise may be 
selected (o allow maaimum toading up to 15 percent 
in excess of nameplate rating, and 55 C rise and 75 C 
rise motors of sufficient size to prevent loading beyond 
nameplate rating at any point on the characteristic curve 
of the pump. Regardless of service, motors with a 
service factor of t.0 should not be operated continu- 
ously nor for extended periods at loads exceeding the 
nameplate rating. When heavier loading is permitted, 
it should he done only with the understanding that the 
reliability and motor life expectancy will be reduced, 


5.16 Temperature and Current Indicators 


It is recommended that consideration be given to the 
use of embedded temperature detectors in the windings 
of motors higher than 1,000 hp. (Thermistor-type de- 
vice may be used on motors below 1,000 hp.) This in- 
cludes large motors driving reciprocating compressors 
or other equipment that may occasionally overload the 
motor; or large motors driving centrifugal compressors 
or other equipment where the unit may be operated for 
extended periods without shutdown and_ progressive 
fouling may occur in the motor cooling passages. Tem- 
perature detectors and indicators make it possible to 
check insulation temperature at predetermined spots in 
the stator windings during motor operation, allowing 
the motor to be operated to best advantage, regardless 
of ambient temperatures or fouling of cooling passages. 
Ammeters are also justified in some applications in 
order to indicate current drawn by the motor. Tem- 
perature relays or alarms should be considered for 
sleeve bearings of very large and important motors. 
Control circuit energy should be limited to minimize 
damage if detector fails. 


5.17. Conduit or Terminal Box 


For integral horsepower motors, it is preferred that 
terminal boxes be designed for rotation in the field to 
allow conduit entrance to face up, down, left, or right. 


5.18 Space Heaters 


5.18.1 WHEN USED 


In locations where experience shows that motor 
windings are likely to be subjected to accumulations of 
excessive moisture during extended periods of idleness, 
consideration should be given to the installation of 
space heaters to maintain the winding above the dew 
point. This applies, especially, to motors operating at 
2.300 volts or higher voltages. Space heaters are par- 
ticularly applicable to large enclosed motors, such as 


base-ventilated and pipe-ventilated motors installed 
outdoors and operated intermittently, and to vertical 
weather-protected motors such as are uscd for water 
well service. Space heaters are also used in many large 
motors located indoors, particularly those in intermit- 
tent service. Some designs of totally enclosed fan- 
cooled motors are adaptable to space heater installa- 
tions; others are not. 


5.18.2 DUTY CYCLE 


The problem of moisture is somewhat simplified 
because most large motors in processing plant service 
operate continuously or with only short periods of 
idleness. 


5.18.3 INSTALLATION PRECAUTIONS 


Space heaters for use in the manner as stated herein, 
are classed as special equipment. They should be se- 
lected to prevent unsafe surtace temperatures and to 
ensure that correct heater rating and element tempera- 
ture, as well as materials, are specified to obtain satis- 
factory operation and long life, Generally, sheaths made 
of monel or other normally corrosion-resistant materials 
should be used. The maximum sheath temperature of 
space heaters must be limited to 80 percent of the 
ignition temperature of the gases or vapors expected 
within the area, unless there are special reasons for 2 
lower limit. It is common practice to operate space 
heaters at half voltage (or other reduced voltage) to 
prevent excessive temperatures and to increase heater 
life. 


5.18.4 RATINGS 


Space heaters usually are rated to operate on 115- 
volt, single-phase current and are obtainable wired. 
with leads brought out to a separate conduit box. 


5.18.8 Operation 


The supply circuit to heaters normally is arranged 
to be de-energized automatically when the motor is 
started, and to be energized when the motor is stopped, 
via auxiliary contacts in the motor starter. 


5.19 Bearings and Lubrication 


5.19.1 GENERAL 


As friction between a revolving shaft and a burned- 
out bearing may quickly produce temperatures suffi- 
ciently high to ignite flammable mixtures of gases or 
vapors, high-grade bearing maintenance is justified for 
motors and driven equipment. 
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5.19.2 HORIZONTAL MOTORS 


Where motors are available with either ball or 
sleeve bearings, the selection shall be made on the 
basis of available data on comparative performance 
under conditions similar to those anticipated for the 
application under consideration. The type of bearing 
lubrication, whether oil or grease, should be chosen 
when the bearings are selected. 

Sleeve bearings for horizontal motors should be oil- 
lubricated by means of oil rings. Wick or yarn viless 
are not satisfactory except for the smallest sizes of 
fractional horsepower motors. 

Oil-lubricated bearing housings should have a reser- 
voir of sufficient depth to serve as a settling chamber 
for foreign matter, with a drain plug accessible outside 
the motor housing. Except where a pressure-type lubri- 
cation system is used, they should also be equipped with 
canstant-visible-level automatic ailers. 

An opening to permit observation of the oil rings 
with the motor in operation should be provided. Suit- 
able slingers, equalizers, and vents are required to pre- 
vent loss of lubricant and to maintain proper level. 

For large (1,000 hp) sleeve-bearing motors, particu- 
farly those used to drive equipment which requires 
forced-feed lubrication, consideration should be given 
to the use of this type of lubrication. The oil system 
should have sufficient surge capacity to hold all oil 
tetumned from the bearing when the motor is stopped, 
without overflowing. 

Some manufacturers provide grease-lubricated, ball- 
bearing motors with sealed bearings which permit sev- 
eral years of operation without regreasing. At the end 
of such periods, the bearings are cither repacked or 
replaced. Because most bearing failures are the result 
of tow frequent greasing or overgrcasing, motors which 
permit long periods between regreasing are most de- 
sirable, particularly in plants which lack suitable main- 
tenance personnel and control over their regreasing 
programs. 

Some sleeve-bearing motors, usually in larger sizes. 
may require the use of limited-end-float couplings to 
keep the motor rotor centered. It should be under- 
stood that, when a limited-end-float coupling is used. 
the resulting thrust must be taken by the driven machine. 

Ball bearings for horizontal motors are usually grease- 
lubricated, except in the larger sizes and at higher 
speeds when oil-lubricated ball or roller bearings are 
often used. 

Where grease-lubricated ball bearings are used, some 
operators recommend that the bearings be of the sealed 
type or that the grease fittings be removed and holes 
plugged to prevent overgreasing—one of the most com- 
mon causes of trouble with antifriction bearings. An 


efficient system of seals is required to prevent excessive 
Toss of lubricant 


5.19.3 VERTICAL MOTORS 


The thrust bearings in vertical motors should be of 
the ball or roller type. When oil is used as the lubricant 
for either thrust or guide bearings, the oil reservoir 
should be of sufficient depth to serve as a settling 
chamber for foreign matter, with drain plugs accessible 
from outside the motor housings and, except where a 
pressure type of lubrication system is used, should be 
equipped with constant-visible-level automatic oilers. 

In vertical motors, generally, it is preferred that all 
bearings use the same type of lubricant. 

Tt is common practice to supply “high-thrust” motors, 
where required, equipped with bearings that are capable 
of carrying thrusts from driven equipment, e.g., vertical 
pumps. In such cases, it is essential that maximum 
thrust loads in both directions be specified. 


5.20 Torque Requirements 


§.20,1 TORQUE CONSIDERATIONS 


Most of the motors used in petroleum processing and 
associated operations drive centrifugal or rotary pumps, 
centrifugal blowers, centrifugal compressors, and other 
equipment that does not impose unusually difficult 
torque requirements. “Normal-torque” motors are well 
adapted to such equipment and usually will have suffi- 
cient torque to meet normal conditions of service, pro- 
vided the supply voltage is satisfactory. 

The net torque delivered by the motor to the driven 
machine is less than the rated torque of the motor when 
the voltage at the terminals of the motor is less than 
the rated voltage of the motor. 

Table 1 gives characteristic torques of standard 
squirrel-cage induction and synchronous motors. 

As an example, a motor capable of exerting locked- 
rotor torque of 100 percent (with respect to full-load 
running torque) with rated voltage at its terminals 
may be found to have only 80 percent of rated voltage 
at its terminals at the instant it is thrown across the 
line because of voltage drop during this period of high 


TABLE 1—CHARACTERISTIC TORQUES 
Squirret-Cage Induction Motors 


Locked-rotor torque. ¥? 
Pull-up torque, V" 
Breakdown torque, V* 


Synchronous Motors 


Locked-rotor torque, V" 
Pull-in torque, W? 
Pull-out torque, V 
(with excitation constant) 
Vi—The specified torque varies as the square of applied 
voltage. 
V—The specified torque varies directly as the applied voltage. 
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current inrush. The net torque developed by the motor 
will be the proportionate terminal voltage squared times 
the locked-rotor torque, or, under this condition (0.8) 
(0.8) (100) or 64 percent. 


5.20.2 TORQUE ANALYSIS 


With a working knowledge of the characteristics of 
the particular power supply system which will be used, 
and of the characteristics of the motors being consid- 
ered for installation, the answer to many motor-appli- 
cation problems can be determined without making a 
detailed analysis to determine whether the net available 
torque will be sufficient for the conditions of secvice. 
if the solution is not obvious, and a dependable answer 
cannot be determined by inspection of available data, 
it will be advisable to make engineering analyses to 
settle marginal cases, of the types set forth herein, and 
to avoid delays or inconveniences caused by failure of 
motor-driven equipment to start or otherwise perform 
satisfactorily. 

If reduced-voltage starting is used, a substantial 
amount of impedance is introduced into the supply 
circuit of the motor when the controller is in the start- 
ing position. This impedance must be taken into ac- 
count as well as the other impedances between the 
motor and its supply source. 


5.20.3 LOW-VOLTAGE CONSIDERATIONS 


Lower-than-normal voltage may exist, particularly 
during starting, and when the motor is large in relation 
tw the capacity of the electrical supply system; or where 
the capacity of the system may not be limiting, but the 
supply circuit is of such length and design as to cause 
unduly high-voltage drop between power source and 
motor. 

Where it is questionable whether or not the voltage 
received at the terminals of the motor will be satisfac- 
tory, it is advisable to calculate the voltage at that 
point under the most unfavorable conditions likely to 
exist in actual service. In most cases this will be at the 
instant of starting, when the current inrush is severat 
times the rated full-load current and the power factor 
is low—usually in the range of 0.2 to 0.4. If the 
circuit under consideration will be used to carry other 
loads, the effect of these other loads on voltage should 
be taken into account at the same time. 

When a syachronous motor is to be used, voltage 
conditions at instant of pull-in should be checked. 
Determine that correct torque will be developed with 
net voltage uvailable at pull-in point of the motor 
terminals. 


5.20.4 MINIMUM TORQUE SPECIFICATIONS 


Occasionally the torque requirement of driven equip- 
ment will not match the normal torque characteristic 
of the motor. In these marginal cases, it is advisable 
to specify the minimum torque characteristic or char- 
acteristics acceptable. For borderline cases, the motor 
torque characteristics should be specified as not less 
than the normal torque available in accordance with 
published motor manufacturing standards. 

If the application requires more than normal torque, 
it will be appropriatt’ to determine whether it will be 
economical to obtain a motor with higher-than-normal 
torque, within available limits, or to improve voltage 
at point of utilization. In an extreme case, it may be 
in order to do both. In most instances, satisfactory 
results can be obtained most economically by deter- 
mining torque requirements, and specifying them to 
suit the predetermined voltage conditions at the ter- 
minals of the motor. 


5.20.5 HIGH TORQUE 


For motors used to drive machines which require 
extra high starting torque (such as most conventional 
crushers, ball mills, pulverizers, and rubber mills), it 
is advisable to predetermine voltage conditions and to 
stipulate torque requirements on the basis of anticipated 
voltage conditions, as net torque requirements may be 
high, even when the machine is started unloaded. “High- 
torque” motors are available for a variety of applica- 
tions requiring higher-than-normal torque. 


5.20.6 HIGH-INERTIA LOADS 


For high-inertia loads and others where the motor is 
subjected to heavy loading from the time it starts until 
it comes up to rated speed. calculations should be made 
to be certain it witl have sufficient torque to bring the 
driven machine up to rated speed under actual oper- 
ating conditions, within a reasonable fength of time. 
A motor which drives a machine that may be subject 
to occasional sudden heavy loads while running at rated 
speed, should be checked to determine whether it will 
have sufficient torque under this condition to keep it 
from stalling or from an abrupt loss of speed. Use of 
high-slip motors should be considered for such condi- 
tions of service, well as the possible need for addi- 
tional flywheel effect. This type of problem is not 
encountered often, but calls for detailed consideration 
of equipment and load characteristics. 


5.20.7 FACTOR OF SAFETY 


Recognition shauld he given to the requirement for 
greater torque under certain conditions of operation. 
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When the answer is not obvious, it is advisable to 
determine these requirements under conditinns antici- 
pated in service. 

For example, in the case of a centrifugal blower or 
centrifugal pump, more torque is required to bring the 
machine up to rated speed with the discharge valve 
open than with it closed. If, for some reason, it js pot 
practical to follow the customary practice of starting 
such equipment with the discharge valve closed, suffi- 
cient torque should be made available to start it with 
the discharge valve open. 


5.21 Motor Controllers 


Motor controllers provide facilities to start, regulate 
speed, and stop electric motors. In addition, they afford 
protection against abnormal operating conditions which 
may result in production losses and exposure of per- 
sonnel to unsafe conditions. 


5.21.1 SELECTION OF CONTROL EQUIPMENT 


The selection of control equipment should take into 
account the type and size of the connected motor, the 
power supply system. and operational and service con- 
ditions. Affecting these conditions and requiring care- 
ful appraisal are the following: 


i, Power suppty. 

. Controller size and rating. 

. Selection. 

. Manual operation, 

. Magnetic operation. 

. Full-voltage starting. 

. Reduced-voltage starting. 

. Protective relaying and automatic control. 
|. Type of enclosure, 


Sw eNaunsawn 


. Maintenance and cost. 


S211 


The ability of the power distribution system to satis- 
factorily handle motor starting loads is of major impor- 
tance and in large measure determines the selection of 
control. This is true, particularly, where objectionable 
voltage disturbances are produced by the starting of a 
few large motors representing the bulk of the system 
capacity. Inasmuch as full-voltage starting currents of 
polyphase squirrel-cage and synchronous motors are 
several times full-ioad currents, the system capacity 
must be able to supply the increased kilovolt-amperes 
without objectionable system disturbance. It this is not 
practical an alternate starting method must be employed 


Power Supply 


to confine currents and voltage drop to a satisfactory 
level 


5.21.1,2 Controller Size and Rating 


A motor controller is rated in horsepower or current- 
carrying capacity and must be capable of interrupting 
the motor locked-rotor current at the voltage specified. 
Industrial motor controlters bear the manufacturer’s 
nameplate specifying the size and/or horsepower and 
the voltage. Controllers are supplied in several duty 
classifications and include the following types: 

a, CONTINUOUS 

The continuous-duty type, popular in processing plant 
usage. is capable of indefinitely carrying full-load motor 
current without excceding a specified temperature tise 
of current-carrying parts. 


b. INTERMITTENT 

The intermittent-duty type finds application on 
cranes. machine tools. or other cquipment requiring less 
sustained duty. It is recommended that the user consult 
with the manufacturer to select adequate equipment for 
the operating conditions. 


5.21.1,3 Selection 


Frequency of motor operation is an important fac- 
tor in the determination of an economical choice of 
control. If infrequent starting is indicated, the selection 
of a manual control may be justified economically. With 
accelerated operations above the manufacturer's recom- 
mendations. however, this advantage may be lost be- 
cause of the improved maintenance provided in the 
design of the magnetic type. 


5.21.14 Manual Operation 


Manual control finds its most frequent application 
in across-the-line starting of small horsepower, single- 
phase motors in the range of 120 volts to 240 volts. 
Manual starters may also be obtained at increased 
horsepower and voltage but are not in popular demand 
at these values. Within the 240-volt range, on-off con- 
trol. as well as motor overload protection, is provided 
within the control enclosure. The overload protection 
is provided by trip-free thermal devices located in at 
least one side of single-phase units. and in ail three 
phases of three-phase units. Fuses or circuit breakers 
providing line-disconncet feature and short-circuit pro- 
tection can be obtained in combination units (common 
enclosure with control) or separately mounted. Low- 
voltage release is not available; consequently, the con- 
trol contacts remain closed during periods of power 
failure, thereby causing automatic restarts of the motor 
upon resumption of power. 
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$.21.2 MAGNETIC OPERATION 


a. The application of magnetic contrat has heen 
almost wholly standardized throughout the petroleum 
processing industry. This type of control utilizes a 
magnetic contactor and a pushbutton, or automatic 
control device, to start and stop the motor. Its many 
features. such as adaptability to remote and automatic 
control, extended operating life, and factors contribu- 
tory to personnel safety, economically justify this selec- 
tion. The equipment is applied at standard voltage 
levels matching the motor requirements. Fuses or cir- 
cuit breakers, separately or integrally mounted within 
the starter enclosure, provide required line disconnect 
and short-circuit protection. Circuit breakers with ap- 
propriate relays also may be used as medium-voltage 
starters. Thermal elements or current-sensitive devices. 
connected in all three phases of the control equipment, 
provide overload protection. Three-wire control pro- 
vides undervoltage protection against auiomiatic restart 
of motors after restoration of failed voltage, however, 
starters controlled by automatic devices are wired for 
undervoltage release (two-wire control permitting auto- 
matic restart after voltage restoration). The pushbutton 
or controt tocation may be selected to conform to de- 
sired operational requirements. 

b. Where continuity of service or operating condi- 
tions demand, time-delay relaying is available to permit 
ride-through of motors during momentary voltage dips. 
The delay interval is critical because full voltage, par- 
ticularly in the larger sizes, should not be applied to 
loaded motors with materially reduced speeds, unless 
motors have been designed for such applications. 

¢, Time-current characteristics of associated relaying 
equipment should be coordinated to ensure selective 
protection. 

d. Circuit breakers, along with protective relays, are 
sometimes used with large motors to provide the dual 
service of controtler and disconnect means. However, 
for frequent operation. contractors are more reliable 
since breakers are not designed for such service, These 
large breakers will normally be electrically operated so 
they will compare with magnetic starters for automatic 
control. 


5.21.3 PROTECTIVE RELAYING AND AUTOMATIC 
CONTROL 


a. As a tule, the function of protective relaying is to 
disconnect the faulty equipment from the source of the 
electrical supply as quickly and with as little system 
disturbance as possible. In a comprehensive installa- 
tion, each line or piece of equipment should operate 
independently under distress and be so coordinated with 


the whole that only the affected units are deenergized. 
In more detail, protective relaying must distinguish 
between abnormal equipment operation and system 
failures. 

b. Overcurrent protection is applied to deenergize 
overloaded motors automatically before winding dam- 
age has been caused by excessive operating tempera- 
tures. The motor-controller thermal device, actuated by 
a self-contained heating clement responsive to motor- 
line current and selected for coordination with the type 
of motur cnelosure, is frequently used and is available 
with cither manual or automatic reset. Overload relays 
used on motors controlled by automatic devices must 
be of 2 manual-reset type. 

ce. Normally, the selection of a thermal device is based 
on a standard air-ambient-temperature reference of 
40C. For engine rooms. firerooms, and similar elevated 
ambient locations, 50 C may be chosen as the reference 
but consideration must he given to choice of ther- 
mal clements. Large motors frequently use embedded 
detection-type thermal protection us the best indication 
of motor temperature. This is of particular note where 
the ambient temperature of the motor is higher than 
that of the remotely located controller. Thermal cle- 
ments, unless temperature compensated, are responsive 
to variations in ambient temperature. The necessity 
for oversized thermal elements can be prevented by 
carefully selecting control locations and by ample shield- 
ing against extrancous heat radiation. Where starters 
are located in areas subject to unusual ambient tem- 
perature variations, the temperature-compensated ther- 
mal refay is available. 

d. Two types of thermal devices in general use ate: 


1. The nonadjustable melting alloy. 


2. The bimetallic strip. 


The selection of cither is based on motor nameplate. 
full-load current and the necessity of a short cooling 
period for readjustment before reapplication. 

e. Whereas thermal protection is applied only to 
motor overloading. clectromagnctic protective relays 
are well adapted to all forms of protection, except for 
overload conditions. [t is recommended that differen- 
Wil relay protection be provided for motors rated 
1,500 hp and over. These relays are responsive to 
changes in the relationship between incoming and out- 
going current and may be applied in conjunction with 
thermal protective devices, Similarly, undervoltage re- 
lays. responsive to voltage changes, are used to dis- 
connect equipment from the line when voltage fails or 
when dips below predetermined values are encountered. 

f. Induction disc timc-overcurrent relays are fre- 
quently used with large motors for overcurrent and 
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fault protection. These relays are usually associated 
with switchgear when switchgear equipment is used for 
motor control. Induction disc type relays must be long- 
time type to eliminate nuisance tripping on motor 
inrush current. 

g. Motors operated on grounded systems above 
600 volts shall be provided with ground sensor equjp- 
ment. 

h. Partial- and full-automatic control has made tre- 
mendous progress in petroleum processing. This sub- 
ject is so closely related to protective relaying in its 
application that both should be considered jointly when 
making an overall selection. 

i. Voltage stepdown control transformers are em- 
ployed for magnetically operated controllers having a 
motor voltage in excess of 600 volts, or where process 
instrumentation is involved. They may be applied in- 
dividually to specific equipment or may serve a bus 
fiugni which sevcral controllers operate. Fig. 17 illus 
trates such an arrangement. 


5.21.4 TYPE OF ENCLOSURE 


Control enclosures are provided for personnel pro- 
tection and to meet service and operating conditions. 
Several types are available, each designed to meet a 
particular application, such as exposure to a corrosive, 
wet, dusty, or hazardous atmosphere, or for general- 
purpose indoor usage. The cost varies with the design, 
increasing with the severity and nature of the service 
conditions to be met (see Table 2 on page 42). 


STEP-DOWN 
TRANSFORNER 


SPEED CONTROL 
RHEOSTAT 


Fig. 17—Typical Wiring Diagram for Wound-Rotor 
Speed Control Starter Showing Voltage Step-Down Con- 
trol Transformer. 


5.21.5 MAINTENANCE AND COST 


@. The control equipment selected should be ample 
to satisfactorily handle the assigned duty. When border- 
line decisions regarding equipment size are to be made, 
excessive long-range maintenance may offset an appar- 
ent first-cost savings. 

b. In some instances, where explosionproof control- 
lers are indicated for hazardous locations, a study of 
the comparative installed costs of remotely located 
general-purpose or weatherproof equipment may show 
substantial savings. 

«. Special consideration should be given to severe 
service conditions, such as humidity and atmospheric 
corrosion, which may damage or render control ele- 
ments ineffective. Availability of corrosion-resistant 
enclosure parts should be discussed with the equipment 
manufacturer. 

d. Installation of control centers or grouped control 
equipment should be considered for the possible econo- 
mies indicated. 


5.22 Application of Motor Control 


5.22.1 CONTROL: MOTOR TYPES 


Typical control applications for each of three popular 
motor types are outlined in the following paragraphs 


5.22.1.1  Squirrel-Cage Induction Motor 


@. The squirrel-cage induction motor, because of its 
simplicity and adaptability to full-voltage starting, finds 
very wide use in constant-speed applications. Magnetic 
full-voltage starting with remote or automatic control is 
customarily applied for across-the-line starting. This 
application is diagramed in Fig. 18 Low-voltage pro- 
tection is standard. This is most desirable and guards 
against restart of motors after return of failed voltage. 
There are cases, however, where automatic restarting 
is imperative because of critical-process requirements. 
Here, time-delay relaying can be provided and, if 
several motors are involved, they can be automatically 
started in sequence to prevent possible system dis- 
turbances. 

b. Reduced-voltage starting, either manual or auto- 
matic, is employed to reduce starting currents on power 
systems of limited capacity where the reduced-starting 
torque is adequate for the connected equipment, or 
where the driven load demands smooth starting Three 
methods of application are generally considered, each 
having its own particular advantages. First, the auto- 
transformer type offers variations in starting torque 
through selective starting taps. It provides maximum 
starting torque with minimum line current. (See Fig. 
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16.) Second, the series resistor or reactor method 
offers simplicity of design and uses a more economical 
starter. Third, increment-type starting is also an eco- 
nomical method of reduced-voltage starting but pro- 
duces lower starting torque than the other methods. 


5.22.1.2 Synchronous Motor 


‘The synchronous motor is applied principally in the 
larger horsepower class and offers the advantages of 
power factor improvement and direct-connected, fixed, 
low-speed operation. Because of poor starting charac- 
teristics, synchronous motors are generally started under 
no-load conditions with direct-current (d-c) field exci- 
tation automatically applied when the motor approaches 
synchronous speed. Variable field excitation may be 
used during normal operation to provide power-system, 
power-factor correction, and should be specified if 
Tequired. 

As in squirrel-cage motors, full-voltage or reduced- 
voltage starting is available, the selection depending 
upon the local power source and operating conditions. 
There is a similarity in control except that out-of-step 
protection automatically stops the motor when it drops 
out of synchronism. 


5.22.1.3 Wound-Rotor Induction Motor 


Lhe wound-rotor induction motor meets operating 
demands of controlied-starting, in-rush current, and 
adjustable varying speeds with high-starting torque. It 


START STOP 


OVERLOAD TRIP 
OVERLOAD ELEMENTS 


Fig. 18—Typieal Wiring Diagram for Aerass-the-line 
Starting. 


is suitable for high-inertia load where critical operations 
may require closely controlled acceleration. Starting 
facilities are similar to the squirrel-cage motot except 
that the rotor winding is brought out through stip rings 
and connected to a multitapped resistor for selective 
speed control under certain conditions of load (See 
Fig. 17.) 


5.23 Types of Disconnecting Means, 600 
Volts or Less 


See Section 430-101 through 430-126 of the 1971 
National Electrical Code. 


5.24 Coordination of Controller Applications 
with Fuses or Circuit Breakers 


5.24.1 NORMAL OPERATIONS AND FAULT CON- 


DITIONS 


A motor controller must be capable of starting and 
Stopping its rated motor horsepower and intetrupting 
the motor-locked rotor current. Normally the con- 
troller cannot interrupt fault currents resulting from 
short circuits and grounds so a circuit breaker or set 
of fuses is installed ahead of ihe controller. This device 
must have sufficient capacity to interrupt the current 
safely. It must be fast enough to clear the fault with- 
out damage to the controller and overcurrent devices. 
Wt must also carry locked rotor current long enough 
to get the motor up to speed. It should also keep motor 
damage to a minimum in case of a fault within the 
motor. The complete motor protection package nor- 
mally consists of a disconnect device, fault current 
Protection, contactor, time lag overcurrent protection 
and associated auxiliary devices. The disconnect and 
fault current protection is often combined in a circuit 
breaker. Even though some components may be com- 
bined all these protective features must be included by 
some means. 


5.24.2 APPLICATIONS IN CONNECTION WITH FUSES 
OR CIRCUIT BREAKERS 


5.24.2... Generat 


See Section 430-51 through 430-59 of the 197] 
National Electrical Code. 


5.24.22 Fuses 


Time-lag fuses are better suited for motor branch 
circuit protection than ordinary fuses because they 
hhave a Songer time Sag to hold starting current, Current- 
limiting fuses are also commonly used for this service 
because: 
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TABLE 2—A-C MOTOR CONTROLS CLASSIFICATION AS TO ENCLOSURE TYPES FOR VARIOUS 
SERVICE CONDITIONS 


Compara- 
tive Cost, 
Comb. Circ, 
NEMA Type Typical Br. Type 
Type of Application §=§=——~—— 
No. — Enctosure Characteristics * Where Used in Plants Size 1 Sized 
i |General A general-purpose enclosure is designed to meet the latest general | When it is in Office buildings. ° i 
purpose— _ specifications for enclosures of Underwriters’ Laboratories. This en-' tended to pre-, warehouses, : \ 
indoor closure is intended primarily to prevent accidental contact with the vent accidental | change houses. { 
i control apparatus. contact with live; 
When a nonventilated enctosure is specified for equipment con: : parts and is ! H 
| sisting in part of devices which require ventilation (electronic devices, ° suitable for 
| resistors, and so forth) it is understood that such devices may be ' general indoor Hl 
“mounted in a ventilated portion of the enclosure. provided that they ‘use where normal : 
are capable of operating satisfactorily and without hazard when so , atmospheric 
mounted conditions ‘ ' 
‘A Type ! enclosure is suitable for general-purpose application in- | prevail, : i 
doors and where atmospheric conditions are normal. It serves as a! 
| Protection against dust and light indirect splashing but is not dust- ! 110) 10 
j tight. | Where 
Flush-type enclosures (designed for mounting in a wall have pro- Available 
: vision for aligning with the flush plate and to compensate for wail ll | 
! thickness. ! 
2 Dripproof —_A dripproof enclosure is similar to the Type I enclosure with the “Locations where | Refrigeration: ‘ 
indoor addition of drip shields or their equivalent. condensation | rooms and water 
A Type 2 enclosure is suitable for application wherecondensation may be severe, pump houses 
_Miay be severe, such asis encountered in cooling rooms and laundries. not classified 
; Itprovides protection against dust, fatling liquids, and light splashing and not | 
' bur is not dusttight. corrosive, Pad 11 
3 Dustight, An ourdvur enclusure designed to provide pratestion against wind- « Locations where i Outdoors on 
-raintight, blown dust and water. They are not sleet (ice)-proof. subject to wind) |construction | | 
andslect , A Type 3 enclosure is suitable for use outdoors if ice is nota serious blown dust and | jobs and dusty i 
{ice}-resist- | problem. rain. ' Locations. : 
ant—oul- + i 
i door 1.2 | 14 
3R | Rainproof, Anoutdoor enclosure designed to provide protection against rain.“ Locations sub-  Qutdvors on : 
sleet{ice)- They are not dusttight, snow-. or sleet tice-proof, ject to heavy ; shin decks and i : 
resistant — A Type 3R enclosure is suitable for use outdoors and will prevent rain. ! construction $ 
outdoor —_; the entrance of a rod of 0.125 inch diameter, except at drain holes. jobs. 
! Types 3and 3R arc usually combined in one enclosure type. 12 ' £2 
3S. Dusttight. An outdoor enclosure designed to provide protection against wind- Locations sub-  Qutdoorsen i 
raintight. blown dust and water and provide for operation when covered with ject to heavy ship decks or on | 
and sleet external ice or sleet. [tmay have auxiliary provisions for ice-breaking. ' icing conditions. construction i 
lice) The design tests for the 38 enclosure are the same as for Type 3 sites subject to : 
proof— _ except Type 3S has ice-breaking provisions _ heavy icing. 
eutdoor Type J enclosures are usually used for this service LT 1.6 
4 Watertight. An indoor or outdoor enclosure designed to meet the hose test Outdvors or Outdoors on + 
and dust- described in the following note. locations where ship decks. 
tight A Type 4 enclosure is suitable for applicatian autdoors an shin the starter might Water bump 
dechs and for application in daines. breweries, and so forth be subjected to houses not in 
NOTE: Enclaswres shull he tated by subpvtion to. suesin of water. A hose with Splashing or classified 
a Voinen nozzle shall be used and shai deliv ait teast 65 gatlons per minuse. The dripping water, - locations. 
water shall be dirccied on the enclosure fronts disLance of nat fess than 10 fect and Not suitable for 
for «period off Saninutes. Surmy this pesied the water muy be dwected in one or submersion in 
more divctions ap alesircd. Thee alll by 9 lowkuge of water inte thy enclossre water, 
under these conditions. 17. 1.6 


4X Watertight, A Type 3X enclosure iy the same as Type 4 and in addition is cor- In locations sub- Quidoorloca- | 


dusttight, —rasion-resistant ject tosplashing tions in chemical 
and cor- or dripping plants. 

rosion- water where 

resistant corrosion is also 


a problem. 19 15 
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TABLE 2 (CONT'D) 


Compara- 
tive Cost. 
Comb. Cire 
NEMA Type Typical Br. Type 
Type of Application © ——~-—-~ 
No. — Enclosure Characteristics Where Used in Plants Size 1 Size 4 
6  jSubmers- | A Type 6enclosure is suitabie for application where the equipment Locations where Normally not 
ible may be subject to submersion in water as in quarries, mines. and the equipmentis required. 
manholes. The design of the enclosure will depend upon the specified subject to sub- 
conditions of pressure and time. It is also dusttight and sleet fice} mersion in water. 
resistant. 4010 
7 !Classified A Type ? enclosure is designed to meet the application require-; Locations which _ Class I Division 
Hocation, _, ments in Article 00 of the NEC for Class I locations and is designed ' are classified as _ | and 2 areas, 
|ClassI— ; in accordance with the latest specifications of Underwriters’ Lab- Class locations Groups A-D, 
i air break —. oratories. A letter suffix in the type designation specifies the NEC per requirements 
{see Note!} group for which the enclosure is suitable. of Article $00 of 
the NEC due to 
presence of 
flammable gases 
i and vapors. 2 16 
8 | Classified A Type 8 enclosure is designed to meet the application require. ; Same as Type 7. Same as Type 7, 
Nocation, ments in Article $00 of the NEC for Class { locations and is designed 
Class [— in accordance with the latest specifications of Underwriters’ Labo- 
oil im- ratories. The apparatus is immersed in oil. A letter suffix in the type 
mersed (see designation specifies the NEC group for which the enclosure is suit- 
iNotel) able. 25° 18 
9 {Classified © A Type 9 enclosure is designed to meet the application require- Locations which ° Class II. Groups 
|location, ‘ments in Article 500 of the NEC for Class [I locations and is designed areclassified as 'E, F.andG 
Class II— : in accordance with the latest specifications of Underwriters’ Labo- Class I locations areas. 
GroupsE. ratories. A letter suffix in the type designation specifies the NEC per requirements 
F,andG group for which the enclosure is suitable. of Article 500 of 
; the NEC due to 
| presence of com- ! 
| bustible dusts. "20 16 
10 |Bureauof . A Type IO enclosure is designed to meet the latest requirements of Location 10 meet! Normaily not 
Mines, the Bureau of Mines. the latest re- required. 
:US, De- A Type 10 enclosure is suitable for application in coal mines. quirements of 
partment the Bureau of 
of the Mines. : 
Anterior ; 
f 
11 {Corrosion- A Type iL enclosure is suitable for application indoors where the , Locations where i 
‘resistant: equipment may be subject to corrosive acid or fumes as in chemical ' acid or fumes * 
‘and drip» plants, plating rooms, sewage plants. and so forth, The apparatus is are present, 
proof—oil immersed in oi. 
immersed 
_ indoor 2b 
12 Industrial A Type 12 enclosure is provided with an oil-resistant synthetic Locations where : Machine tool | 
use—dust- i gasket between the case and the cover. The cover is hinged !0 swing‘ oil orcoolant drive in shops. 
tight and horizontally and is held in place with captive closing hardware which mightenter the — Chemical rooms 
Uriptight— require Ue use of @ tuol ty release. that is. a srewdledver or wiengl, enclosure in water tisat- 
indoor There are no holes through the enclosure for movnting or for through ment plants. 
mounting controls within the enclosure and no conduit knockouts or _mounting hotes 
conduit openings. Mounting feet or other suitable means for mount- or unused con- 
ing are provided. duit openings 
and where nec- 
| essary to exclude 
| dusl. fibers, 
fiyitgs, and lint. 1.2 i) 


When this ty pe of enclosureis specified for equipment consistingin 
part of devices which require ventilation (electronic devices, resis. 
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TABLE 2 (CONT'D) 


Compara- 
tive Cost, 
Comb. Cire 
NEMA Type Typical Br. Type 
Ty of E Application 
No. Enclosure Characteristics Where Used in Plants Size 1 Size 4 


j tors, and so forth). such devices may be Mounted in a ventilated 
| portion of the enclosure provided they are capable of operating sat- | 
isfactorily and without hazard when so mounted. 


An enclosure intended for use indoors for pilot devices such as| Indoor locations | Indoor dusty 


limit switches, foot switches, push buttons, selector switches, and | subject to the contro} areas or | 
j pilot lights for protection against lint, dust, seepage, external con- | contaminants where subject to | 
j densation, and spraying of water, oil, or coolant. Enclosure has oil- | fisted. liquid spray. | 


| resistant gaskets. external mounting means, no conduit knockouts or ¢ 


| unsealed openings, and oiltight conduit entry. 


NOTES 

Any individual starter. circuit breaker. fuse. switch, fuse-dis- 
connecting switch. or any combination may be enclosed in any 
of the aforementioned enclosures. 

When NEMA Types 7. 8 or I are applied. a combination-type 

enclosure may be required if the installation is outdoor and/or 
additional protection features ate required other than the basic 
protection provided by the specific type designation. 
L.In order to standardize the praclice in referring 10 equipment 
sometimes known as “explosionproof” (Types 7 and 8). it is 
recommended that apparatus designed for use in Class I, Group 
A-D locations be described in one of the following ways. which- 
ever is applicable: 


a, Control listed by Underwriters’ Laboratories for use in Class 
1, Group (state specific group letter} locations. 
b. Control designed to conform with the manufacturer's inter- 
pretation of the requirements of Underwriters’ T abaratnries 
standards or testing facilities, 
c. Control of a size and nature for which there are no existing 
_ _. Underwriters’ Laboratories standards or testing facilities. 
2. When an enclosure is required to meet the requirements of 
NEMA Type 11. the design will depend on the conditions of 
exposure. 
3. For more detailed information on enclosures and test require- 
ments see NEMA ICS 1-110, Enclosures. 
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ANSI Standard C33.72 (Underwriters’ Laboratories Standard for Safety UL 6743), 
Electric Motors and Generators for Use in Hazardous Locations, Class 1, Group C 
aad D, American National Standards Association, New York. 

ANSI Standard C42.100, Dictionary of Electrical and Electronics Terms, 
American National Standards Association. New York. 

NEMA Standards Publication ICS, Industrial Control Systems, National Elec- 
trical Manufacturers’ Association. New York. 
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trical Manufacturers’ Association, New York, 
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for Construction and Guide jor Selection, Installation and Use), National Electrical 
Manufacturers’ Association, New York. 


ELECTRICAL INSTALLATIONS IN PETROLEUM PROCESSING PLANTS 45 


1, The extremely fast operation limits the damage 
caused by the flow of short-circuit current. 


2. The magnitude of the short-circuit current is ac- 
tually limited to far less than the available short-circuit 
current, thereby allowing the use of smaller conductors 
and equipment in branch circuits. The fast operation 
of most types of fuses, however, makes it difficult and 
often impossible to coordinate them with other short- 
circuit protective devices located beyond the fuse in the 
circuit. 


3. A current-limiting fuse is not subject to aging; there- 
fore an ultimate false operation is avoided when using 
these devices. 


$.24.2.3 Circuit Breakers 


a. Circuit breakers may be applied in cascade or 
selective tripping arrangements. 

b. Where continuity of service is not required, prop- 
erly selected circuit breakers may be used in cascade 
arrangement. Circuit breakers are considered to be in 
cascade when they are connected in series in a distribu- 
tion system, as shown in Fig. 19. In this cascade 
arrangement, circuit breakers toward the source are 
provided with instantaneous tripping devices set to 
clear currents resulting from faults beyond other circuit 
breakers nearer the load. Circuit breakers in the series, 
other than the circuit breakers closest to a fault, may 
trip and interrupt loads on other than the faulty circuit. 
Such arrangements are used only where sacrifice in set- 
vice continuity is acceptable. (Refer to /EEE Standard: 
Electric Power Distribution for Industrial Plants, No. 
141, August, 1969.) 


as 


LOAD 
Fig. 19—Cascade Tripping. 


¢. When continuity of service is required, the selec- 


tive tripping system in which the circuit breakers closest 
to the fault trip first should be used. 


5.25 Overload Protection: Special Applica- 
cations 


When a motor is to be used to drive a high-inertia 
load, which requires a long time to accelerate to normal 
speed, a check should be made to determine whether a 
special form of running overload protection will be 
needed. This, usually, will be the case if a standard 
running-protective device, set at the maximum current 
value affording proper protection for the motor, trips 
the motor off the line during the starting period. To 
provide uninterrupted starting and at the same time 
provide the desired degree of protection against sus- 
tained running overloads, it may be necessary, in some 
cases, to use a thermal device that is built into the 
motor stator winding. In other cases, it may be neces- 
sary to use long-time induction relays that are adjust- 
able to suit the starting conditions or to supply current 
to the overload protective device through a saturable- 
core reactor or current transformer with characteristics 
suitable for limiting the current to the protective device 
during the period of starting. If one of these forms of 
protection will not suffice. consideration should be given 
to other means of providing the desired degree of 
protection. Where the ambient temperature varies. 
thermally compensated relays may be used. 


§.26 Voltage Limitations 


In many cases, it is practical to tolerate on a privately 
owned industrial supply system voltage fluctuations 
somewhat in excess of values which, generally, would 
be considered acceptable orf other systems. When a 
large motor is to be installed at a point where severe 
voltage dips will result, a check should be made to 
determine whether motor terminal voltage will be suffi- 
cient during the starting period to permit the motor to 
bring its load up to speed within a satisfactory time, and 
whether the resulting voltage disturbance will be accep- 
table, considering the requirements of other electrical 
equipment supplied by the system. Where the terminal 
voitage will be abnormaily low, approaching the value 
at which the undervoltage device in a standard con- 
troller is designed to operate, it is recommended that 
the specification for the controller include the antici- 
pated range of voltage from the minimum during start- 
ing to the maximum when running normally. Differen- 
tial and other special protection for very large motors 
may be considered, 
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5.27 Application of Outdoor and indoor 
Types 


5.27.1 OUTDOOR TYPES 


It is common practice to install electric motors and 
driven equipment outdoors without protection from the 
weather, unless there is some good reason for providing 
a building or other form of shelter. Controllers of the 
outdoor type may be used when the associated motors 
ae installed outdvurs and, sometimes, are used when 
the motors are located indoors. The main consideration 
in this application is to avoid the use of buildings and 
other shelters, whenever practical, to reduce costs and 
to reduce the possibility of an accumulation of flam- 
mable vapors or gases. Enclosures for controllers in- 
stalled outdoors must meet all service requirements of 
the location. 


5.27.2 INDOOR TYPES 


Indoor types of controllers are sometimes used re- 
gardless of location of the associated motors; e.g., it 
may be more economical to use indoor equipment in 
a pressurized building than to provide outdoor. con- 
trollers which are suitable for all conditions of service. 


5.28 Pushbutton. Stations 


5.28.1 LOCATION 


Where undervoltage protection is required, and it is 
required in most installations, the pushbutton for oper- 
ating the controller is generally of the momentary 
contact “‘start-stop” type installed in sight of and near 
the motor and its driven machine, in a position that will 
facilitate ease and safety of operation. If a pushbutton 
is installed on or near a controller that is remote from 
the motor controlled by it, it is generally of the “stop” 
type installed only for the purpose of stopping the 
motor in an emergency. 


5.28.2. RESET BUTTON 


When the controller is designed for resetting the 
overtoad relays instead of self-resetting after they have 
operated, the pushbutton station may include the ‘‘reset” 
function in addition to the start-stop function as men- 
tioned. The reset may be ai the controller. 


5.28.3 UNDERVOLTAGE RELEASE 


In installations where undervoltage release is to be 
Provided instead of undervoltage protection (as in con- 


nection with float-operated pumps, pressure-operated 
compressors, or other pilot-operated equipment which 
function automatically on an “on-off” cycle), the push- 
button is generally of the maintained-contact type, 
wired in series with the pilot device, 


5.29 Controllers for Synchronous Motors 


A controller for a synchronous motor will generally 
include the following functions in addition to those of 
a controller: fur a squiricl-cage induciion motor: 


1. Protection of the field against overcurrents in nor- 
mal] or out-of-step operation. 


2, Automatic field application, responsive to definite 
time, relative frequency of current in field and stator, 
power factor of current to the stator, or other variables 
which may be used to obtain the desired result. 


Both a-c and d-c meters should be provided. 


5.30 Controllers for Wound-Rotor Induction 
Motors 


§.30.1 EQUIPMENT 


The primary controller or starting device for a 
wound-rotor motor is, usually, the same type as is used 
for squirrel-cage induction motors. The secondary de- 
vice for regulating the speed of a wound rotor consists 
of an adjustable resistor or rheostat. 


5.30.2 CONTROL INTERLOCKING 


It is general practice to interlock the primary and 
secondary control devices so that the motor cannot be 
started except when the resistor is set in minimum speed 
starting position, 


5.31 Summary of Protective Devices 


Shutdown and/or Alarnt 


Undervoltage 

Winding Temperature 
Bearing Temperature 
Vibration 

Reverse Phase Sequence 
Differential Current 
Ground Sensing 


Other Protection 


Surge Capacitor 
Lightning Ariestor 
Oil Flow Indicators 
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SECTION 6—LIGHTING 


6.1 Scope 


The following material is proposed as a guide for 
the design of modern processing plant lighting facilities. 
Itis intended to establish: 


1. A general approach to good lighting installation and 
maintenance practice and principles. 


2. Basic criteria for the design of new processing plant 
lighting. 

3, Minimum illumination levels for most processing 
plant areas. 


4, A basis for estimating lighting power requirements 
in new processing plant design. 


For a glossary of illumination terminology used 
hercin see Paragraph 6.14. 


6.2 Purpose 


a. Establishing recommended practices for proces- 
sing plant lighting will insure adequate and efficient 
lighting facilities which result in: 


1. Increased production. 


2. Higher efficiency and greater ease in equipment 
operation and maintenance, 


3. Greater personnel safety. 
4. Higher personnel morale. 


b. Processing plant lighting should not be con- 
sidered a necessary burden adding to the cost of pro- 
duction, but rather as an integral part of safe and 
efficient plant operation. 

c. Lighting design practice should be kept up-to- 
date with new and recent developments, such as 
mercury vapor and flood lighting luminaires. Applica- 
tion of these types, where suitable, may offer the most 
economic lighting installation. Luminaires have been 
developed which make effective use of metallic addi- 
tive and quartz light sources. Also noteworthy is the 
increased use of fluorescent luminaires in outdoor or 
semi-enclosed locations where high illumination levels 
are required or where energy cost and reduced 
maintenance cost offset the higher initial investment. 


6.3 References 


Attention is directed to the latest editions of Lighting 
Handbook (Itluminating Engineering Society) and In- 
dustriat Lighting (ANSI ALL.1). 


6.4 Lighting Facilities 


6.4.1 DESIGN CONSIDERATIONS 


The data given in Table 3 cover the minimum aver- 
age (initial and in service) lighting requirements, in 
footcandles, of most processing plant areas. However. 
it must be clearly understood that lighting installations 
should be designed to meet conditions peculiar to the 
tasks in cach individual area. For instance, Table 3 
indicates a minimum of 5-foot-candles (ft-c) in service 
for operating platforms on general process units. Ob- 
viously, if there are instruments, control valves, and 
the like, which must be operated constantly, 5-ft-c 
illumination is not sufficient. Supplemental lighting on 
the immediate control area or a general increase in the 
ithimination level on that platform becomes necessary. 
In this sense, the data shown in Table 3 are to serve 
only as a guide to good lighting practice. 


6.4.2 PETROLEUM PROCESSING PLANT AREAS 


Three basic groups of areas to be considered in plan- 
ning lighting facilities are process areas, nonprocess 
areas, and buildings. Buildings peculiar to process and 
nonprocess areas have been included herein. An outline 
of Table 3 is presented as follows: 


J. PROCESS AREAS: 


A. General-process units involving standard proces- 
sing plant operations. 

B. Control rooms and houses. 

C. Specialty-process units. 


Il. NONPROCESS AREAS: 


A. Loading, unloading, and cooling water pump 
houses. ‘ 

B. Boiler and air compressor plants. 

C. Tank fields. 

D. Loading racks. 

E. Tanker dock facilities. 

F. Electrical substations and switch yards. 

G. Street Sighting. 

H. Fence and protective lighting. 

I. Parking lots. 

J. Aircraft obstruction lighting. 


WH. BUILDINGS: 


. Administration buildings and offices. 
. Laboratories. 

. Warehouses and stock rooms. 

. Shops. 

. Change house. 


roam > 
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(Foot-Candles)} 
Horizontal Vertical 
ck a 
In In 
Installation Location Initial Service Initial Service 
I. PROCESS AREAS 
A. General-process units 
Pump rows, valves, manifolds 5.0 3 
Heat exchangers 5.0 3 
Operating platforms 5.0 3 
Ordinary platforms 38 2 
Cooling towers, equipment area 5.0 3 
Furaces 5.0 3. 
Ladders and stairs 5.0 3 
Gage glasses 8.3 5 
Instruments (on process units) 83 5 
Compressor houses 3 20 
Separaturs 8.35 3 
General area 1? 1 
B. Control roams and houses 
Instrument panel 46 0 
(Ordinary contro! house} 46 30 
Console (ordinary ¢.h.) 45 30 46 30 
Back of panel 8 Cs 15.4 10 
General area 45 30 
Emergency 3 3 
©. Specialty-process units 
See specific items listed under 
General-process units 
‘Special applications not covered, 
refer to LES recommendations 
Instrument panel 7 50 
{Central control house) 7 50 
65 a2 
Console (Central ch.) 77 50 7 50 
H. NONPROCESS AREAS 
A. Loading, snloading, and cooling 
water pump houses 
Pump area 85 5 
Control area, generat 25 15 
Control panel ae 20 
B. Boiler and air compressor plants 
Indoor equipment 30 20 
Outdoor equipment a5 5 
C. Tank fields 
Tank (stairs. ladders. and gaging area) 17 } 
Manifold area 09 0.5 
Streets within field 0.33 0.2 
D. Loading racks 
General area 8.5 5 
Tank car, loading point 17 10 
Tank trucks, joading point 23 1s 


E. Yanker dock facilities * 
General area 


TABLE 3—-RECOMMENDED ILLUMINATION 


Hose handling, manifold area, and 


loading point 
Navigational lights 


Minimum Illumination Level 


* Reter 19 local U.S. Coast Guard, port authority or governing body. 


Elevation 


Ground 
Ground 
Floor 
Floor 
Ground 
Ground 
Floor 


Eye Level 


Eye Level 
Floor 

Top of bay 
Ground 


60 in. 
4S in. 
18 in 


Ground 
Floor 
45 in. 


Floor 
Ground 


Ground 
Ground 
Ground 


Floor 
Point 
Point 


Remarks 


For frequently used stairs 
and ladders only, all 
others 1 ft-c. 

Supplementary light behind 
critical gage glasses. 


Consider mercury or mer- 
cury-incandescent. com- 
bination for large areas. 


Ordinary control house 
controls 1 or 2 units. 


Particular attention re- 
quired to lighting quat- 
ty. 


Select luminaire 10 meet 
operaling conditions, 


ELECTRICAL INSTALLATIONS IN PETROLEUM PROCESSING PLaNTS 


49 


TABLE 3—Continved 


Minimum Illumination Level 
(Foot-Candles) 


Horizontal 
A —_ 


Vertical 


In 


Installation Location 


F. Electrical substations and switch yards 


Outdoor switch yards 33 2 
General substation outdoor lighting 33 2 
Substation operating aisles 23 15 
General indoor substation lighting 8.0 5 
Switch racks as * 
Substation-emergency 3.3 2 
G. Street lighting 
Process area, heavy traffic 0.7 04 
Light trafic 0.3 0.2 
H. Fence and protective lighting 03 0.2 
1, Parking tots O17 On 
J. Aircraft obstruction lighting 
Refer to local FAA regulations 
MI. BUILDINGS 
A, Administration buildings and offices 
Prolonged difficult task (drafting, de- 
signing, etc.) 80 70 
Difficult task (accounting, bus. mach.) 58 50 
Normal office work (reading, files, 
mait room) 46 40 
Reception areas, stairways, washrooms, 
ete. 28 20 
Hallways, etc. 26 20 
Equipment and service rooms 25 15 
First-aid rooms 80 70 
B. Laboratories 
Qualitative, quantitative, and physical 
test 70 50 
Research, experimentat 1s 50 
Pitot plant, process and specialty 50 30 
ASTM knock test, equipment test 45 30 
Glassware, washrooms AS 30 
Fume hoods 50 30 
Emergency 85 5 
Stock rooms 2 Is 
C. Warehouses and stock rooms 
Indoor bulk storage 80 5 
Outdoor bulk storage 0.75 05 
Large bin storage chi s 
Small bin storage 4 10 
Small parts storage va 20 
Counter tops 45 30 
D. Shops 
Rough bench and machine work, large 
fabrication 30 20 
Medium bench and machine work, 
automatic machines, grinding 7s 50 


In 
Initial Service Initial Service 


Elevation. 


Ground 
Ground 
Floor 
Floor 
48 in, 
Floor 


Ground 
Ground 
Ground 
Ground 


30in. 
Win, 


30 in. 


30in. 
Floor 


Floor 
30in, 


37 in. 
37 in, 
Floor 
Floor 
37 in. 
37 in. 
Floor 
Floor 


Floor 
Ground 
30 in. 
30 in. 
30 in. 
48 in. 


Floor 


30in. 


Remarks 


Supplementary lighting. 


Depends on architecture. 
May prefer fluorescent 


Supplementary lighting. 

Supplement all laboratory 
lighting for close, de- 
tailed work. 


Consider mercury or mer- 
cury-incandescent com- 
bination for all large- 
area lighting. 


Consider mercury or mer- 
cury-incandescent _com- 
bination for all large- 
area lighting. 


Supplement with auxiliary 
fighting on machine bed 
and work bench. 
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TABLE 3—Continued 


Minimum IHumination Levet 


(Foot-Candles) 
Horizontal Vertical 
In In 
{astallation Location Initin) Service Initial Service Elevation Remarks 
Craneway, aisles 23 1s Floor 
Specialty shops: 
a, Small machine 45 30 30 in. 
b. Sheet metal 30 20 30 in. 
cc. Electrical cy 20 30in. 
d. Instrument 45 30 30in. Supptement with auxiliary 
lighting on work bench. 
E. Change house 
Locker room. shower 15 10 Floor Vaportight 
Lavatory - 15 10 Floor 
F. Clock house and entrance gatchouse 
Card rack and clock area 1s 10 Floor Supplementary light on 
card racks. 
Entrance gale, inspection 25 5 Floor 
General g 5 Floor 
G. Cafeteria 
Eating area 35 30 30 in, 
Serving area 35 30 36 in. 
Food preparation a2 30 36 in. 
General, halls, etc. 13 10 Floor 
H. Garage, and firehouse 
General area 15 10 Floor 
Repair 4s 30 Floor 


. Clock house and entrance gatehouse. 
. Cafeteria. 
. Garage and firehouse. 


ZoOm 


6.4.3 SPECIFIC AREAS 


The preceding subdivisions are further broken down 
into specific areas. (See Table 3.) For example, under 
general-process units, minimum lighting requirements 
are given for pump rows, heat exchangers, operating 
platforms, and the like. These last classifications are 
simply more specific areas within the subdivisions them- 
selves. 


6.4.4 RECOMMENDED ILLUMINATION 


Table 3 includes the elevations at which recom- 
mended illumination levels should be maintained. 


6.4.5 TYPE LUMINAIRES 


a, Luminaires are classified with regard to source, 
flux distribution, and output characteristics as follows: 


1. Source 
a. Incandescent 
b. Fluorescent 
¢. Mercury vapor 


2. Light Flux Distribution 


a. Symmetric 
b. Asymmetric 


3. Fixture Output Classification 
a. Direct 
b. Semidirect 
c. General diffuse 


b. Incandescent and fluorescent sources can be used 
for symmetric and asymmetric distributions in fixtures 
with direct, semidirect, and general-diffuse outputs. 
Mercury-vapor sources can be used for symmetric and 
asymmetric distributions in fixtures with direct and 
semidirect outputs. 

«. Mereury-vapor sources offer the advantages of 
longer average life and higher lumen output than in- 
candescent lamps. Mercury-vapor lighting should nor- 
mally be supplemented by incandescent or fluorescent 
fixtures to provide lighting during initial warm-up time 
and during restrike time after arc extinction which is 
caused by voltage dips in the 15 to 25 percent range. 
ihe warm-up period and restrike, or cooling period, 
vary between 3 to 7 minutes. Where color is of im- 
portance, mercury luminaires are available with color 
phosphor coatings on the interior of the outer bulb in 
the dual-bulb construction. These coatings provide a 
fluorescent effect. Color correction has become less 
popular. As with other discharge lamps, ballasts will 
result in power factors in the 50 to 60 percent range 
unless corrected. Capacitor correction resuits in power 
factors in the 90 percent range. 
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6.5 Luminaires 


65,1 OUTPUT CHARACTERISTICS 


The lighting output characteristics of the luminaires 
recommended herein are described in the following 
paragraphs (see also Fig. 20). 


6.5.1.1 Direct Lighting 


The distribution is predominantly downward (90 to 
(00 percent), The utilization is usually highest with 
this type. Brightness ratios vary greatly depending on 
the design. The area at mounting height between 
luminaires may be left relatively dark. Brightness of 
individual luminaires is usually high. Care must be 
exercised in direct-lighting installation design to avoid 
or subdue direct and reflected glare, area underlighting 
appearance, and shadows. 


6.5.1.2 Semidirect Lighting 


The distribution is predominantly downward (60 
to 90 percent), with a small upward component for 
ceiling and upper wall illumination. Utilization with 
this type is slightly less than with direct lighting but 
is relatively high. Brightness ratios are improved. In 
other respects the type is the same as for the direct 
lighting. 


6.5.1.3 General Diffuse Lighting 


The distribution is approximately half below and half 
above horizontal (60 to 40 percent). Usually it has a 
strong component at 90 degrees. Utilization is less than 
with either direct or semidirect lighting. Brightness 
ratios and shadow effects are less troublesome. Glare 
effects are the same as for dicect and semidirect lighting. 


6.5.1.4 Asymmetric lighting 


The distribution is approximately 100 percent below 
the horizontal. In the lateral direction the distribution 
is uniform. However, in vertical direction the beam 
is focused forward. Utilization is slightly less than the 
direct lighting but relatively high. This juminaire type 


SEMI- GENERAL, 
DIRECT SIRECT DIFFUSE ASYMMETRIC 
O% om 
8 WERTICAL 
Lateral 
WTOCO%  —60TO90% 60 TO40% 100% 


Fig. 20—Lumingire Flux Patterns. 


has varied uses, such as fighting control panels, building 
entrances and steps, tunnels, docks, tanks, streets, and 


fences. The same comments apply as for the direct 
lighting. 


6.5.2 FLOODLIGHTING 


In general, floodlights are most suitable where ade- 
quate mounting heights and unobstructed beam paths 
can be obtained. Floodlights are available for all 
operating conditions, ranging from severe atmospheric 
of corrasion conditions ta thase where open, general- 
purpose illuminators are suitable. Incandescent, fluore- 
scent, and mercury-vapor floodlights are available. 
Beam spreads vary from approximately 10 to 18 de- 
grees (NEMA 1) to greater than 100 degrees (NEMA 
6); beam efficiencies vary from a minimum of 30 per- 
cent to a maximum of 60 percent. With this wide 
range of characteristics available, floodlights providing 
the most efficient lighting system for the particular ap- 
plication may be selected with reasonable effort. 


6.5.3 LUMINAIRE SELECTION 


In choosing a luminaire, make 2 separate study of 
each installation. Consider the economics, this will in- 
clude a study of voltage level, mercury vs. incandescent, 
and so forth. Some of the factors influencing the final 
selection are types of area. type of building construc- 
tion, lighting distribution voltage, and work schedule. 

Processing plant areas must be classified with regard 
to hazard. The most recent edition of the NFPA 
Bulletin No, 70; National Electrical Code; and API RP 
500 A are recommended as a basis for the classification. 
In each area classification, luminaires approved for that 
location must be used. 


6.6 Light Quality 


6.6.1 DESIGN CONSIDERATIONS 


Good quality lighting is equally as important as suf- 
ficient quantity. Glare, brightness ratios, diffusion, re- 
flection factor, color, and surround color are the major 
considerations in designing for good light quality. 
Lighting installations using mercury-vapor fixtures 
should be designed to avoid stroboscopic effect. 


66.2 GLARE 


Glare can be controlled to some extent by careful 
manipulation of the following design factors: brightness 
of the source, position of the source, and brightness coa- 
trast between viewed objects and their surroundings. 
The brightness ratio between the visual task and its 
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near surroundings should be no more than 3 to 1. 
The brightness ratio between the visual task and its 
far surroundings should be limited to 10 to 1. 


6.6.3 REFLECTION CONSIDERATION 


Tn buildings, where seeing tasks are critical or pro- 
longed, special attention must be given to the colors of 
walls, ceilings, furniture, and equipment in conjunction 
with proper reffection factors. Light colored paint 
atone does not necessarily have a high reflective factor. 
This is also a function of the structure of the paint 
itself. “Lighting fixtures should be chosen to provide 
good light quality considering afl factors given in Par, 
5.6.1 


6.7 Illumination Levels 


Although the fundamental purpose of illumination is 
seeing. particular attention must be given to the type of 
secing task involved in each installation, Prolonged dif- 
ficult seeing tasks, such as drafting or accounting, re- 
quire the highest footcandle levels. Some critical seeing 
tasks require much higher levels than the minimum 
values given in Table 3. In general, exceptionally high 
levels of iltumination are needed only in relatively small 
areas, where supplementary lighting equipment should 
be used. 


6.8 Checking New Instailation: Initiol Values 


6.8.1 MAINTENANCE FACTOR 


In order to facilitate the checking of new lighting in- 
stallations, initial values of illumination levels have been 
included in Table 3. These values are higher than the 
values given for “in service” or “average” hy an amount 
equal to a representative “maintenance factor.” In each 
case a factor has been chosen for the most commonly 
used luminaire of its type. 


6.8.2 INITIAL ALLOWANCES 


a. In designing a lighting instaflation, the engineer 
takes into account the maintenance factor. This factor 
allows for all conditions which deciease te output of 
the luminaire in a short time. Such conditions are lamp 
output depreciation and accumulation on the tuminaire 
of dust. grease, and other foreign matter. The engineer 
designs for an average illumination over the life of the 
lamp. He also considers decrease in light output be- 
tween luminaire cleanings. For this reason initial tight 

eadings ate considerably higher. 

b. This initial value of the light reading. rather than 
the average illumination value. is the figure to be used 


when checking new installations for correctness of light 
output design. 


6.9 Lighting Power Distribution Systems 


The choice of distcibution system and voltage de- 
pends on the area to be supplied and the lighting load 
contemplated. The system considered most desirable 
will vary throughout a processing plant and will, to 
some extent, be dependent on the primary distribution 
voltage. Some points to be considered in the selection 
of a distribution system and its voltage are depicted in 
the following diagram: 


120/240-Volt, Single-Phase, 3-Wire 


ba | amas 


Use: Short feeder runs. 
Small loads (power and lighting). 


208Y/120-Volt, Three-Phase, 4-Wire 


Use: Large fractional horsepower motor leads. 
Medium feeder runs. 
Relatively small loads. 
Some need for three-phase power, 
Numerous 120-volt loads. 


480Y/277-Volt, Three-Phase, 4-Wire 


Use: Fluorescent and mercury vapor luminaire lighting (any 
incandescent lighting must be served at 120 volts), 
Large power load vs, lighting load, 
Large load (power and lighting). 
Long feeder runs. 


Series circuits are frequently employed for street 
lighting. They should also be considered for security, 
lank field, and perimeter lighting. 


6.10 Emergency Lighting 


6.10.1 ADVANTAGES 


In the event of a power failure, operating personnel 
will have a planned operating or chutdown procedure 
which they must follow. Should power fail. an emer- 
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gency lighting system must provide sufficient illumina- 
tion to enable performance of this procedure efficiently 
with a minimum of lost time: 


6.10.2 LOCATIONS 


Emergency lighting shall be provided in control 
houses of all types. at critical instruments, in large elec- 
trical substations. and in laboratories. In general, 
emergency lighting should be provided in all locations 
where the ability to see during an emergency is neces- 
sary. Local, city, and state codes may require emer- 
gency fighting for special areas where personnel work: 
these codes should be checked. 


6.10.3 POWER TYPES 

a. Emergency lighting sources may be as follows: 
1. Engine generator sets—diesel or gas. 
2. Turbo generator—steam or gas. 


3. 125-volt direct current where avaitable from station 
batteries. 


4. Battery-operated floodlights; these prove to be the — 


most economical! for general lighting. 


b. In each case an automatic throw-over system 
may be employed. This either energizes the emergency 
lights or transfers the lighting power source from the 
primary circuit to the emergency power source. 

¢. In unattended areas, such as substations, some 
lights may be put permanently on a d-c source such 
as the substation batteries or another source designed 


just for emergency use. These lights are controtled by 
a switch adjacent to the a-c light switch. If there is a 
power failure the d-c lights may be switched on as 
required, This arrangement limits the drain on the 
battery to the periods when lighting is required. 


6.11 Design Considerations 


The effectiveness of a fighting installation depends 
on and is directly proportional to the adequacy of 
maintenance. Maintenance must be considered in the 
initial processing plant lighting design. Consideration of 
fixture locatton should include easy cleaning, lamp re- 
placement, and rep: If a group lamp-replacement 
program is planned, this factor should be considered in 
the design. 


6.12 Estimating Electrical Power Require- 
ments 

To calculate the estimated watts toad for fighting a 
particular processing plant area, Table 4 should be 
referred to, This table gives a watts per square foot 
per foot-candle constant for each different light source 
-and type of tuminaire, indoor or outdoor. To use the 
constant in determining total watts for an area: select 
the foot-candle intensity desired, multiply this figure by 
the square footage of the total area, then multiply by 
the constant. This will then give the estimated lighling 
load for that particular area. 


6.13 light Meters 


Portable, tight-sensitive cell meters are simple und 
highly convenient to use, but are not precision instru- 


TABLE 4—CONSTANTS FOR ESTIMATING LIGHTING LOADS 


Location Service Area 

Indoors General, all types of arcas 

Indoor and outdoor General, all types of areas 

Indoors General, all types of areas 

Indoors General, ail types of areas 

Indoor and outdoor General, all types of areas 

Outdoors Process unit, smail parking lot, 
protective lighting 

Outdoors Loading docks, railroad yard 
lighting 

Outdoors Large general area 

Outdoors Process unit, small parking lot, 
protective lighting 

Outdoors Loading docks, railroad yard 
lighting 

Outdoors Large general area 


Watts per 
Square Foot 
: per Foot- 
Light Source Type of Lighting Candle 
Incandescent General diffuse 0.176 
Incandescent Direct or semidirect 0.143 
Fluorescent General diffuse 0.077 
Fluorescent Semidirect 0.067 
Fluorescent or mercury Direct 0.061 
Incandescent Direct floodlights 0.275 
Tacandescent Direct floodlights 0.25 
Incandescent Direct floodlights 0.183 
Mercury Direct floodlights 0.167 
Mercury Direct floodtights 0.143 
Mercury Direct floodlights UUSB 
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ments. Measurements made in the field should not be 
expected to have greater accuracy than +5 percent 
under the most favorable conditions. All light-sensi- 
tive cells have certain inherent characteristics which 
should be recognized: 


i, Meters without color correction read accurately 
only the kind of illumination for which they are cali- 
brated (usually light from a filament lamp at a color 
temperature of 2,700 K}. Most meters are made with 
a color-correcting filter which changes cell response to a 
reasonably close approximation of the standard eye- 
response curve and will be sufficiently accurate for 
ordinary purposes. 


2. Meters are usually calibrated with light normal to 
the cell surface, and light from oblique angles or 
diffuse light will give lower than true values unless 
correction procedures are used. This is the “cosine” 
effect or “angle of incidence” effect. The error may be 
as much as 25 percent when light is from side windows 
only. Most present-day meters have a diffusing cover 
plate or some other device so that light from all direc- 
tions is properly evaluated. A well-corrected ceil has 
nearly a true cosine response at all angles of incidence. 
When using an uncorrected cell, direct light from a 
single source can be measured by holding the cell per- 
pendicular to the light source and multiplying the 
reading by the cosine of the angle of incidence. 


3. All light-sensitive cells fatigue. Meter indication 
drops slowly for several minutes until a constant value 
is reached. The effect is noticeable at high footcandle 
values. Before measurement, all recorded meters should 
be given as long as adaptation period as required before 
values are recorded. 


6.14 Glossary of Terms 


6.14.1 Certain terms used throughout this recom- 
mended practice are defined as follows: 


Brightness is the illamination of a surface in any given 
direction. 

Brightness ratio is the ratio of brightness of sur- 
faces. 


Diffusion is the breaking up of a beam of light and 
the spreading of its rays in many directions by a surface. 

Footcandie is the unit of illumination. 

Glare is that condition in which brightness or con- 
trast of brightnesses interferes with vision. 

Hlumination is the density of luminous flux inci- 
dent upon a surface. 

illumination level is a prescribed amount of il- 
lumination: 


1. Inizial is the amount of iflumination obtained when 
the luminaire is new and clean and when the lamp is 
first energized. 


2. in service or maintained is the average amount of 
illumination obtained from a luminaire. This is lower 
than the initial illumination because the lamp output 
decreases with age and dirt accumulation on the lens 
reflectors of fixtures, etc. 


Luminuire uv lighting fuuure is a complete lighting 
unit including lamp, globe, reflector, refractor, housing, 
and such support as is integral with the housing. 

Maintenance factor is a factor which represents the 
average-to-initial illumination ratio of a lighting system. 
Jt represents the depreciation and deterioration of a 
lighting system caused by: 


1, Loss of lamp lumens as a result of aging. 


2. Decrease in lamp and luminaire output resulting 
from dust, dirt, insects, and chemical changes in the 
luminaire reflecting surface, 


3. Increased absorption of the light output of the lumi- 
naires by dust, dirt, and chemical changes in the room 
reflecting surfaces. 


4. Differences between actual and design lamp voltages. 


Mounting height is the distance from the bottom of 
the Iuminaize tu the surface used as a reference. 

Reftection factor is the ratio of the light reflected by 
the body to the incident light. 

Seeing or visual task is the object being regarded and 
ins background. 

Utilization is the total flux received by a surface 
divided by the total flux from the lamps illuminating it. 


SECTION 7—WIRING 


7.1 Purpose 
This section is intended as a guide in the selection 


of wire and wiring methods to meet the electrical 
needs of the petroleum processing industry. 


7.2 Scope 
Since most electrical installations within a processing 


plant are located in hazardous areas, this section deals 
mainly with wiring practices for Class 1, Group D, 


Divisions 1 and 2 locations, as defined in Article 500 
of the NEC. 


7.3 General 


7.3.1 TYPES 


Wiring methods in classified areas in processing 
Plant electrical installations generally must confarm to 
Article 501 of the NEC. 
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7.3.2 CODES 


All electrical installations shall meet or exceed the 
requirements of the NEC, the NESC, and state and local 
ordinances. At times, the conditions in petroleum pro- 
cessing plants make it desirable to use methods or 
materials not yet covered by the NEC. These are 
clearly indicated where discussed and are considered 
to provide a system as safe as one obtained by strictly 
complying with the NEC 


7.4 Conduit, Fittings, and Installation 


7.4.1 CONDUIT AND FITTINGS 


a. Conduit used above grade outdoors should be 
aluminum or other corrosion-resistant material, or steel 
conduit, zine coated inside and outside in addition to 
any other coating which may be applied. The conduit 
should be of uniform cross-section, free from burrs and 
rough spots. 

&. In locations where excessive corrosion is ex- 
pected, such as cooling towers and acid areas, corro- 
sion-resistant conduit materials (red brass, aluminum, 
plastic and plastic-coated conduits) should be con- 
sidered. Generally, threaded fittings and junction boxes 
should be used for all outdoor installations. 

e. Underground conduit should be of galvanized 
steel or other corrysivn-iesistant imaterial. Tn highly 
corrosive soil, the conduit should be further protected 
by plastic coating or wrapped with corrosion-protecting 
tape. Nonmetallic conduit may be used in unclassified 
areas as provided by NEC, Article 347. 


7.4.2 INSTALLATIONS 


7.4.2.1 Supports 


The conduit should be supported at not less than one 
point for every standard length. Supports for individual 
conduits should consist of suitable pipe clamps; for 
groups of conduit, suitable hangers should be used. 
There should be no supports from the piping. Conduit 
installed underground should be encased in concrete 
(pea-gravel aggregate), preferably red in color, for 
safety; steel coupling threads should be painted with 
zinc chromate. Conduit and fittings should not be 
welded to any structure. 


7.4.2.2 Radii 


The radii of conduit bends (both field made and 
manufactured) for conduits containing rubber-or 
plastic-insulated wire should be equal to or greater 
than shown in NEC, Article 346-10. 


7.4.2.3 Bushings 


Conduit bushings should be used at all outlet or pull 
boxes without threaded conduit openings. Weather- 
proof-type hubs should be uscd where weathertight 
connections are required, 


7.4.2.4 Pull Boxes 


NEC requirements for pull boxes should be care- 
fully observed. Pull-box lengths should conform with 
NEC, Article 370-18. 


7.4.2.5 Terminals 


Where stranded insulated wires are connected to 
terminals under oil, the insulation should be removed 
from the wires to a point at least | in. above the 
surface of the oil. Interstices should be filled with 
solder to form a smooth surface and to prevent capillary 
action of oi! in the strands of the conductors. 


7.4.2.6 Overhead Runs 


Consideration should be given to the fireproofing of 
all overhead group-conduit runs containing instrument 
wiring, important control wiring, and thermocouple 
wiring where exposed to flash fires. Individual con- 
duits for- these services, after they leave the main 
condnit run, need not be insulated. Conduits should 
be located to avoid proximity to steam or other hot 
lines. 


7.4.2.7. Pulling Compounds 


Grease, graphite, or an oil lubricant may be used 
as a pulling compound for lead-covered cable only. 
A specifically approved commercial compound is rec- 
ommended for use with nonmetallic sheaths. Excess 
pulling compound should be removed before conduit 
sealing compound is poured ‘around the conductors. 


7.4.2.8 Identification 


When a conduit :abulation is furnished giving con- 
duit numbers. the conduit should be identified by cor- 
rosion-resistant suitable bunds or tags attached to 
conduits, and stamped or engraved with numbers. 


7.5 Wire, Cables, and Installation 
7.5.1 TYPE, AND APPLICATION 


7.5.1.1 Thermoplastic (Polyvinyl Chloride) 


Thermoplastic insulation (NEC Type TW and THW) 
for use in petroleum process installations should be a 
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type developed specifically for use in oil processing 
plants or chemical plants. The insulation shail exceed 
the requirements of ASTM Designation: D734-50T 
or IPCEA Specification S-61 402, Appendix I. It shalt 
carry Underwriters’ Laboratories approval as NEC 
Type TW (60 C), or THW (75 C) and appliance 
lead wire at 600 volts (90 C through No. 4/0 Amey- 
can wiregage (AWG) and 105 C No. 26 through No. 
8 AWG) and should conform to the standards for 
machine tool wire of die National Machine Tool 
Builders’ Association. This insulation has good chemi- 
cal-, moisture-, and oil-resistant properties and is rec- 
ommended for all processing plant applications below 
600 volts and which do not exceed the temperature 
rating of the insulation, It is also used as a jacket for 
other types of insulated cable. 


7.5.1.2 Polyethylene (IRCEA $-61-402) 


a. Polyethylene insulation was first used in this 
coumtry for communication cable because it was 
especially suited for high-frequency applications. Low- 
density, high-molecular-weight polyethylene is now 
used in low, medium and high voltage work. It has 
low specific inductive capacitance, (SIC), low power 
factor, high dielectric strength, and high impulse-with- 
stand voltage strength. It can be used with conductor 
temperatures up to 75 C. Polyethylene is also used 
as a jacket material because it is impervious to moisture 
and has a low coefficient of friction. High-density 
polyethylene is primarily used where its high abrasion 
tesistance is valuable. 

b. Polyethylene insulated cable is stiffer than most 
other types of insulated cable and this factor should 
be considered in its installation. The corona resistance 
of polyethylene is somewhat lower than some other 
insulations and caution should be exercised in using 
unshielded cable above 2,000 volts. 


7.5.1.3 Chtoresulfongied and Crosslinked 
Polyethylene 


These are improved polyethylene insulations for cer- 
tain applications. They have wide temperature cap- 
abilities; can be used in ambient temperatures as low 
as —65°C or can be operated with conductor tem- 
perature up to 90 C. The insulation is tough and does 
not require a jacket. They are also fairly flame re- 
sistant. Chlorosulfonated polyethylene is primarily 
used for low voltage work because its dielectric con- 
stant and power factor are not low enough. 

Crossiinked polyethylene 1s used for bach low and 
medium voltage work, These insulating materials are 
covered by IPCEA Interim Standard $-66 524 for 0- 
600-volt crosslinked polyethylene insulation. 


7.5.1.4 Ethylene Propylene Rubber (EPR) 


Although the electrical properties of EPR are not 
quite as good as those of polyethylene, they are still 
exceilent, EPR has excellent corona resistance and it 
is flexible. Because of their excellent electrical, thermal, 
and physical properties both EPR and crosslinked 
polyethylene are considered two of the best medium- 
voltage solid dielectric insulations currently available 
for general use, 


7.5.1.5 Rubber 


Rubber, ail, or butyl base insulation may be used for 
general processing plant service where contact with 
oil is not a problem. Experience indicates that cil 
will penetrate a highly oil-resistant neoprene sheath to 
attack the insulation beneath. Some rubber insulations 
have good moisture-resistant properties. hence they 
may be used without a Jead sheath in underground 
conduits. Oif or butyl] base insulations are available for 
service up to 3§ kv. Ozonc-resistant, oil base insulated, 
neoprene sheathed cable (IPCEA Specification S-19- 
81) or butyl-insulated, neoprene, sheathed cable 
CIPCEA Specification S-19-31, Appendix QO) may be 
used for power-feeder service. 


7.5.1.6 Mineral-insulated Wiring 


Mineral-insulated (M1) wiring consists of copper 
conductors insulated with magnesium oxide, clad with 
an over-all copper sheath. Short of the melting tem- 
perature of the copper sheath, it is impervious to fire. 
Conduit is not required, the cables usually are sup- 
ported in a suitable trough. The NEC recognizes the 
use of this cable in hazardous locations providing ap- 
proved terminal fittings are used. Type MI cable is 
hygroscopic; if moisture enters, the end must be cut 
off or dried out. Care must be taken with MI cable to 
protect the ends against moisture absorption during 
shipment and storage as well as in the preparation of 
terminals at the time of installation. {See Paragraph 
7.2.2.) 


7.5.1.7 Armored Cable 


Practically any type of insulated cable can be ob- 
tained with an overall aluminum, bronze, or galvanized 
steel spiral-wound interlocked armor. For example, 
rubber-insylated, neoprene-sheathed armored cable. or 
polyethylene and polyvinylchloride-insulated. thermo- 
plastic sheathed armored cable may be obtained. The 
armor itself may have a neoprene or plastic sheath if 
corrosion is a problem. Care should be taken to deter~ 
mine that the sheath will not be deteriorated by petro- 
Jeum products. Armored cable does not require con- 
duit; usually it is installed so as to provide continuous 
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support and it can be installed underground. Armored 
cable is recognized by NEC for Class 1, Division 2 
locations provided approved terminal fittings ave used 
More detailed information concerning installation prac- 
Uces is given in Paragraph 7.5.3.2. 


7.5.3.8 Aluminum-Sheathed {ALS} Cable 


This is a factory-assembled cable made up of Un- 
derwriters’ Laboratories-approved insulated conductors 
enclosed in an impervious, closely fitting tube of 
aluminum. ALS cable does not require conduir, and 
it may be used virtually wherever wire and conduit 
are used. ALS cable is generally a 600-volt wiring 
system for branch circuits. It may be buried directly in 
earth or encased in concrete, provided the aluminum 
sheath is suitably protected. Protection of the aluminum 
sheath is also required in atmospheres deleterious to 
aluminum. Neoprene or plastic jackets are available 
when protection is required. The aluminum sheath 
may be used as an equipment ground, but it may not 
be used as a current-carrying conductor, i.¢., the neutral 
conductor in a three-phase system. ALS cable is NEC 
approved and may be used in Class [. Division 2 
locations. (See Paragraph 7.5.3.3.) 


7.5.1.9 Varnished Cambric 


a, All varnished cambric-insulated wires and cables 
should conform to the latest Standard Specifications 
for Varnished Cambric Insulated Cables, published by 
the IPCEA. 

b. Varnished cambric-insulated wires and cables may 
be used for power-feeder service. When installed in 
dry locations, the varnished cambric cable should have 
a weatherproof braid cover; when installed underground 
or in places where considerable dampness is expected, 
the cabte should have a lead sheath. 


7.5.1.10 Peper 


Paper-insulated wires and cables should conform to 
the latest Specification for Impregnated-Paper-Insulated 
Lead Covered Cable, published by the Association of 
Edison Illuminating Companies (AEIC). This type of 
cable may be used for power transmission and special 
applications. 


7.5017 


a. Asbestos insulations are used for high-tempera- 
ture applications, particularly in dry locations. 

b. Silicone rubber is an insulation material that has 
good chemical-, moisture-, and oil-resistant properties. 
{tt is best known for its resistance to heat and can be 
used with conductor temperatures up to 125 C. 


Special Types 


«. Tefton-insulated (FEP} wire can be used with 
conductor temperatures up to 200 C. (Silicone rubber 
or Teflon-insulated wire is recommended where heat 
and contact with oil, water, or chemicals present prob- 
lems. Both types are relatively expensive compared with 
ordinary insulations. ) 

d. Pyrometer wiring is avaitable with many types of 
insulation, For general processing plant use, polyvinyl 
insulation with a polyvinyl jacket is recommended for 
all applications below 250 F. For higher temperatures, 
silicones, asbestos, fiberglass, ar combinations thereof 
are recommended. 


7.5.2 CLASS I, GROUP D, DIVISION 1 LOCATIONS 


7.5.2.3 General 


The NEC (in Art. 500) clearly fists requirements 
for electrical installations in Class 1, Group D, Division 
1 locations. All conduit must be rigid; all fittings, light- 
ing fixtures, and enclosures for electrical equipment 
must be explosionproof. A Division | electrical in- 
stallation is quite expensive. The boundaries of such 
an area shall be carefully established as specified in 
API RP SOOA? 


7.5.2.2 Type MI Cable 


Approved mincratinsulated witing is recommended 
for Division 1 locations and is accepted by the NEC 
when used with approved termination fittings. Because 
large numbers of Type MI cables can be run in a 
common trough, and because no conduit sealing fittings 
ate requited where a Type MI cable enters an explo- 
sionproof housing through suitable termination fittings, 
installation economies can be achieved. Because of the 
inherently fireproof nature of Type MI cahle, no insula- 
tion is necessary as is sometimes required for circuits 
in conduit which must operate during a fire. If Type 
MI cable is to operate for longer than the initial stage 
of a fire, the cable trough or supports should be fire- 
proofed. Type MI cable can also be used to advantage 
behind control boards where crowded conditions make 
conduit installation difficult and expensive. The copper 
sheath of Type MI cable may be used as a grounding 
conductor where the NEC permits the use of conduit 
for grounding. However, the sheath must not be used 
as a neutral conductor. 


7.8.3 CLASS I, GROUP D, DIVISION 2 LOCATIONS 


7.5.3.1 


The requirements of Art. 500 of the NEC for Divi- 
sion 2 electrical installation are much less stringent 


General 
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than for Division |. Lights. if properly protected and 
operating within prescribed temperatuc limits, need 
nol be explosionproof. In practice. lighting fixtures for 
Division 2 areas are generally of the “vaportight™ type. 
Nonarcing electrical devices need not have explosion- 
proof enclosures; arcing devices may use a hermetically 
sealed enclosure in lieu of an explosionproof enclosure. 
Nevertheless, Division 2 installations are considerably 
more expensive than instatlations in nonhazardous areas 
and the limits of the Division 2 area should be care- 
fully determined in accordance with APE RP 500A. 


7.5.3.2 Armored Coble 


When armored cable is-run aboveground, it is gen- 
erally supported by a cable trough. The individual 
cables, which leave the (rough ta serve items of equip- 
ment, such as motors, may be supported by a steel 
channel. Armored cable must be properly terminated, 
and a sealing fitting must be used if the conductors 
enter an explosionproof housing. The armor must not 
be used as a grounding or neutral conductor, though it 
must be effectively grounded. Armored cable run un- 
derground should be provided with an identification 
layer of concrete between the cable and grade. 


7.5.3.3 Aluminum-Sheathed IALS) Cable 


Aluminum sheathed cable is approved by the NEC 
for use in Division 2 areas. It may be run as conduit 
and supported by structural members or other means 


every six feet. Currently, seals are required for ALS 
cable and care should be taken that the connectors 
used are approved for Class TL locations. 


7.5.3.4 Suitable Equipment 


A recognized need exists for electrical equipment 
suitable for use in Division 2 areas. In some instances 
there is no alternative to purchasing equipment designed 
for use in Division 1 locations. However, developments 
in recent years have altered this situation. somewhat. 
There are now a number of solid state, hermetically 
sealed, and intrinsically safe devices available for use in 
Division 2 areas. With further developments certain to 
come in this field the user should determine what is 
available before installing Division 1 equipment in a 
Divison 2 area. 


7.5.4 UNCLASSIFIED AREAS 


The NEC, NESC, and state and local ordinances 
must be followed. Various large manufacturers of elec- 
trical equipment offer information for combined light 
and power systems to serve large buildings. The user 
must bear in mind that the NEC will provide a system 
that is safe strictly from the electrical standpoim. The 
reliability and flexibility required of electrical installa- 
tions in petroleum processing plant service may neces- 
sitate a design superior in many ways to minimum code 
requirements. 


SECTION 8--INSTRUMENTATION AND PROCESS CONTROL 


8.1 Purpose 


This section is intended as a guide in the design and 
selection of equipment for the power supply and dis- 
tribution system for instrumentation and process con- 
trol loads. 


8.2 Scope 


‘This section is limited to those facilities beginning 
with the instrument power supply source und termi- 
nating at the power supply terminals of the instrument 
or control pancl. 


8.32 References 


API §50—Installation of Refinery Instrument und 
Control Systems. 

NFPA 493T—Standard for Intrinsically Safe Process 
Control Equipmient for Use in Hazardous Locations 


ISA RP12.2—Intrinsically Safe and Non-Incendive 
Electrical Instruments. 


8.4 Load Characteristics 
8.4.1 PNEUMATIC ANALOG CONTROL SYSTEM 


In the process plant which jurgely employs a pneu- 
matic analog control system for process control, indicat- 
ing and recording instruments can usually be supplied 
from a relatively simple power supply and distribu- 
tion system with a reliability level consistent with the 
required control functions. For the most part, the 
instruments which require clectsic power supply will be 
limited to multipoint temperature indicators and re- 
corders, solenoid valves, temperature and pressure alarm 
and trip circuits, annunciator panels, and the like, Al- 
though a stabilized voltage source is required for some 
instruments, the power supply for the major part of 
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the system will not require closely regulated voltage 
frequency and harmonic characteristics, Particular ap- 
Dlicatinns such as flame detectars and fuel solenoids 
May require “no-break” provisions. 


8.4.2 ELECTRONIC ANALOG CONTROL SYSTEM 


a. The process plant employing an electronic analog 
control system will require a highly reliable power sup- 
ply whose permissible voltage and frequency regulation 
and, in some cases, harmonic content, will be dictated 
by the particular insteuuuents used. This supply capacity 
will be substantially larger than the supply for the 
pneumatic system. 

b. Because critical control systems must be kept 
in operation during process plant emergencies, the 
power supply provisions for the electronic analog sys- 
tem will normally provide some form of backup, such 
as standby generator or batteries with inverters. The 
backup maintains supply to critical instruments and 
control circuits during total power failures which affect 
normal supply sources. 


8.4.3 DIGITAL COMPUTER SYSTEM 


The use of digital computers for supervisory and 
direct control functions is an increasing trend. Com- 
puter installations can easily increase control power 
tequirements as much as from 25 kilovolt-amperes 
(kva) to 75 kva. This does not include additional 
power requirements for air conditioning or, in designs 
utilizing operating frequencies above 60 cycles, for 
frequency changing equipment. The control power 
supply must have closely regulated voltage and fre- 
quency, and meet specific harmonic content limits. In 
many cases, the normal purchased or plant generation 
supply will not be suitable and separate “no-break” 
normal and standby power sources will be required. 
The computer manufacturer should be consulted re- 
garding these special requirements. 


8.5 Load Requirements 


9.5.1 GENERAL 


The process contral power supply serves all the can. 
trol and measuring devices in addition to the interlock, 
alarm, and safety shutdown systems. These can be 
grouped into control and noncontrol services, or loops. 
Typically, the control loops consist of the flow, pressure, 
temperature, and level controllers as well as the associ- 
ated contro! valve, interlock, and safety shutdown sys- 
tems. The noncontrol loops contain the indicating and 
recording instruments. annunciator and alarm panels, 
gas stream analyzers, and so forth. Careful considera- 


tion must be given to the type and service of each con- 
tro] and measuring device so that its power supply 
requirements are met, Conversely, economic design re- 
quires that control foops be graded both with respect to 
reliability requirements under normal and emergency 
conditions and with respect to permissible voltage and 
frequency regulation and harmonic content limits. 


8.5.2 RELIABILITY GRADING 


a. Reliability grading can be keyed to the ability ta 
function on power supply interruptions. Following are 
typical categories: 


o.1 CRITICAL 


Any load which cannot be interrupted even momen- 
tarily or whose permissible interrupting time may be 
limited to a value such as % cycle. A power supply 
source independent of normal plant power supply 
interruptions is required. AC loads are supplicd 
typically from a rectifier-battery-inverter combination; 
d-c loads from a battery-supplied bus. In some cases, 
“no-break” generating sets supply a-c loads. Sec- 
tion 9 provides some details of these alternatives. 
Transfer from normal to standby source will require 
solid-state (static) switches which have essentially zero 
switching time. Typical examples are flame scanners 
in boiler safety systems; fuel system solenoid shutdown 
valves; and centrifugal compressor shutdown circuits, 
if they are designed to shut down when deenergized. 


@.2 SEMICRITICAL 


Any load that must operate during emergency con- 
ditions but which can operate satisfactorily through 
short interruptions. An independent power supply 
source available during power failures is also required. 
Further breakdown may be made into loads for which 
interruptions up to 0.2 second are permitted and 
those for which interruptions as long as 20 seconds 
may be permitted. The typical control toop is in the 
first category; the noncontrol loop—temperature, in- 
dicator, annunciator systems, etc.—is in the second. 
Faster transfer from normal to standby, using electro- 
mechanical (contactor) switches which have approxi- 
mately 100 millisecond switching time, is required for 
the first category. Normal plant power system delayed 
transfer of startup of standby generators suffices for 
the second. 


a3 NONCRITICAL 


Any load that may be dropped without affecting safe 
and orderly emergency operations. Supply during nor- 
mal operating conditions must have a high degree of 
reliability. Tank gaging systems and quality analyzers 
are examples. 
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b. The permissible interruption times are used to 
itlustrate the categories, These times will vary accord- 
ing to control equipment characteristics. For instance, 
it is possible that use of a delayed dropout provision 
in a control loop would shift it from a “critical” to 
“semicritical” supply, 


8.5.3 QUALITY GRADING 


@, Quality grading will group loads according to the 
stringency of the control-devices requirement to ensure 
that realistic and not excessive limits are placed on 
supply fluctuations. Typical grading limits or split- 
points are as follows: 


For a-c loads: 


Voltage regulation 2 percent 
Frequency regulation 1 Hz for 50/60 Hz 
systems 


Toial harmonic distortion 5 percent maximum 
For d-c loads: 


Voltage regulation 
Voltage ripple 


21 percent 
14 percent maximum 


8.5.4 EMERGENCY POWER SOURCE CAPACITY 


Another aspect of load requirement is the length of 
time the particular load must function during abnormal 


or emergency power supply conditions. Loads can be 
divided into categories which will determine the re- 
quired capacity for standby power sources. A I-hour 
period may be adequate for some; an 8-hour period for 
others; still others may require longer periods. Capaci- 
ties for periods of 2 minutes to 2 hours are common 
for rectifier-battery-inverter systems. When longer pe- 
riods are required or requirements exceed about 20 kva, 
rotating equipment sources may be more economical. 


8.6 Power Supply 
8.6.1 GENERAL 


The power supply for the process control system 
must be designed to the following criteria: 
1. Provision of a reliable supply, meeting the required 
voitage, frequency, and harmonic characteristics dur- 
ing all normal and abnormal! plant operating conditions. 
2. For plant emergency conditions, such as loss of 
steam or pawer, provision of reliable power for the 
period required to put the plant in a safe holding condi- 
tian or to shut down safely. 


8.6.2 CONDITIONS 


The power supply shall be designed to handle such 
conditions as 


1. Momentary interruptions to plant power supply. 


2. Extended outages of plant power supply. 


3. Plant power supply for normal or transicnt condi- 
tions incompatible with quality requirements of process 
control loads. 


4. Internal faults in the process control power system 


5. Need for isolation of major components of the proc- 
ess control power system without unacceptable load 
interruptions. 


8.6.3 SOURCE OF INSTRUMENT POWER SUPPLY 


Acceptability of the normal process plant power 
supply source as the instrument supply source will be 
determined by the reliability and quality requirements 
of the toads served. An independent power supply 
source must be provided when normal supply does not 
meet load requirements. 


6.6.4 PNEUMATIC ANALOG CONTROL SYSTEM 


Generally speaking, the pneumatic analog control 
system can be satisfactorily supplied from the normal 
plant power system assuming that this system has nor- 
mal and alternate sources which are reasonably inde- 
pendent of each other. This independence should be 
maintained in providing normal and alternate supplies 
to the main distribution bus of the process control 
power system. Where the plant has only a simple 
radial supply, some provision for an alternate supply 
to the process control system main bus should be made, 
In all cases, particular attention must be paid to the 
requirements of critical device and circuits. Examples 
of these are the boiter plant control, safety devices and 
associated circuits; compressor control and shutdown 
circuits; and critical motor-operated valves which must 
function after total power failure. Special provisions, 
such as emergency generator sets or battery-inverter 
combinations, may be required. 


86.5 ELECTRONIC ANALOG AND DIGITAL CON- 
TROL SYSTEM 


The electronic analog contro! and digital computer 
monitoring and control systems impose much more 
stringent requirements on the power supply. Inde- 
pendent normal and alternate supply sources to main 
a-c and d-c distribution buses are required. In most 
plants, it will be necessary to provide an independent 
Beneratian source either in the form of an engine 
generator, turbine generator, or motor-turbine-genera- 
tor set or a rectifier-battery-inverter combination to 
serve as one source. Where stringent supply quality 
requirements are applicable, the generation source 
serves as the normal supply. Particular attention must 
be paid to determining to what extent the supply from 
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Fig. 21—-Typical Power Supplies (Instrument Generator 
Not Required). 


the plant power system can serve as the alternate source. 
By applying the reliability and quality grading charac- 
teristics, the capacity and degree of redundancy which 
must be provided in independent generation can be 
held to an economic minimum. An important factor 
in supply source sizing is the amount of inrush current 
expected and the source inrush response characteristic. 


8.6.6 TYPICAL DESIGNS 


Typical one-line diagrams of power supply arrange- 
ments and of a power conditioning and distribution 
system are shown in Figures 21, 22, and 23. Each 
process ptant requires a design uniquely suited to its 
particular load requirements. 


8.7 Automatic Transfer and Paralleling of 
Power Sources 


8.7.1 GENERAL 


In all cases where normal and alternate sources are 
provided, some form of automatic transfer between 
the sources or parallel operation is required. Reli- 
ability grading criteria will establish those loads which 
require solid-state switching and those for which electro- 
mechanical switching times or the slower plant power 
system transfer time are acceptable. Solid-state switch- 
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Fig, 22—Typical Power Supply [Instrument Generator 
Required). 


ing costs may be as much as three times the cost of 
electromechanical switching. 


4.7.2 DESIGN PROBLEMS 


Special equipment design and application problems 
are encountered where automatic transfer or parallel 
operation of sources is used. There are many combina- 
tions of rotating and static generation sources and plant 
power supply sources which may be utilized. The 
operating conditions which must be met and the unique 
characteristics of the combination selected should be 
understood thoroughly before a final design is estab- 
lished. 


8.7.3 PROBLEM AREAS 


Some specific problem areas requiring a thorough 
examination of operating conditions and equipment 
characteristics are: 


1. Capability of an inverter to operate in synchronism 
with another inverter or plant source. 


2. Limitation on the load that may be switched onto 
an inverter and desirability of using several smal! in- 
verters in place of one larger unit. 


3. Inverter voltage response to inrush surges and the 
necessity of switching temporarily to the “stiffer” plant 
source 


4. Effect of input and load “spikes.” 


5. Coordination of downstream circuit protective de- 
vices. The inverter current-limiting characteristic limits 
available fault current and generally requires use of 
fuses designed for semiconductor applications. 

6. Amount of flywheel effect required in a rotating set 
to maintain voltage and frequency during transfer. 

7, Feedback voltage from free-wheeling brushless syn- 
chronous motor in a turbinc-motor-generator set when 
the turbine drives, requiring use of resistors in the 
motor-starting circuit when reenergizing the motor. 

8. Coordination of inlet control valve and turbine gov- 
ernor characteristics on steam turbine-driven generators. 


9. Motor starting, synchronizing and voltage regulation 
limitations of rotating generation sources, 


8.8 Distribution System 


8.8.1 GENERAL 


The design effort and investment to provide suitable 
power supply sources can be nullified by failure to 
specify the details of the distribution system and its 
cquipmcnt. All equipment and circuits from the main 


62 AMERICAN PETROLEUM INSTITUTE 
ALTERNATE ae 0 aed WON CRITICAL ae SUPPLY soe womentticaL 
SUPPLY TO EEDEAS: Load NOT 
NONCRITICAL LOADS. Re auinina 
wat SUPPLY OUAUTY sranopr 
SATISFACTORY 
necTinne® TONS TANT RECTIFIER RECTHIER 
vouTaot 
TRANSFORMER 
(70 DaweEn 
) SINE TRANSIENTS] iL 
EQUINED 
Gehane ity i | i 
=== nape 22 oe 
SYNCHRONIZED syncwuonize 
eT WYERTER evr 
InvenTEn weve ate® 
main 
Dis TmRUTION 
PANEL 
) > b) 
woamaL ALTERNATE nomuas ALTERNATE WORMAL AUTenware 
—— ELeeTRo- Eveer 
MecHaMcaL meena 
awitcn awiten 
wm 
s0LID STATE ewitew osidenge GAcuGlas av WR. 
VOLTAGE 
TRANSFORMER 
NORMALLY PART 
CF INVERTER 


(SEE NOTE 3D 


CRITICAL LOaDE 


Notes: 


Weer at 


NOWEmTiCAL 


1. Normally operating generator may be used in place of rectifier-battery-inverter combination. In this case power supply 


instrument generator not used unless economic, 


2. Supply for regulated or critical D-C loads may also be required and should be supplied from panel or bus meeting 


reliability requirement. 


3. Select branch circuit fuses to coordinate with SCR fuses in inverter. 
4. Stored energy in CVT provides power during part of transfer time to minimize the interruption, Redundancy may be 


required for reliability. 


Fig. 23—Typical Instrument Power Conditioning and Distribution. 


distribution buses to the individual instrument power 
supply circuit must be considered in the distribution 
system design and installation. The distribution system 
must be compatible with the reliability and quality 
Tequirements of the loads served and must maintain 
the levels which have been provided in the power supply 
sources. The basic system design should, by means of 


load division and circuit and equipment redundancy, 
ensure that any short circuit or overload trip affects an 
acceptable minimum number of instrument loads. 


8.8.2 REQUIREMENTS 


Requirements for the following components must be 
specified in the distribution system design: 
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1. Feeders from supply sources to main instrument 
power panel. 


2. Feeders to main load panels and branch panels and 
to the instrument and control panels. 


3. Panelboards. 


4. Transfer switches. 


8.6.3 CRITERIA FOR SYSTEM DESIGN 


The following are some design criteria for system 
design: 


1. Provision of normal and alternate feeders to distri- 
bution panels as required by reliability requirements. 


2. Particular attention to distribution panels load as- 
signment. Split the loads of each process unit or major 
Process section so that even a distribution bus failure 
cannot affect all control loops. 


3. Main and important branch panels should have at 
least two separated or isolated bus sections, or separate 
panels should be used. 


4, Provision of circuit protection and a disconnect 
means for each control loop supply. Permit no more 
than six noncontrot loops-from a single fuse and dis- 
connect or circuit breaker. 


5. All over-current and short circuit protective devices 
should be coordinated so that device closest to fault 
trips first. 


89 Wiring Methods 


8.9.1 GENERAL 


The actual circuit requirements for the individual 
instrument will be determined by the type of instru- 
ment being served and is a part of the instrument sys- 
tem design. API RP 550, Part I, Section 7, on systems 
for electric signals, covers wiring requirements as welt 
as the associated grounding and shielding requirements 
in detail. 


8.9.2 POWER WIRING 


Power supply and distribution wiring, that is, the 
part of the wiring system which brings the power 
from the supply sources to the instrument and contro! 
panel, shall comply with recommendations of API RP 
550, Part I, Section 6 plus any other requirements such 


as shiclding, which may be needed to maintain the 
quality level. 


8.9.3 SPECIAL PROCEDURES 


Wiring methods which are acceptable for power 
wiring may be utilized. Attention must be paid to 
special requirements which are a result of the circuit 
function. For instance, special attention should be paid 
to routing of safety control and shutdown circuits. It 
is desirable to segregate these circuits from normal 
circuit routes, to prevent a single accident disabling 
both circuits. Fireproofing of exposed components of 
these circuits to preserve circuit integrity for a specified 
time during a fire may be necessary. 


8.10 System and Equipment Grounding 


Normal system and equipment grounding practice 
must be supplemented and modified by any special 
requirements imposed by the instrument and computer 
loads. API RP 550, Part I, Section 7 contains specific 
recommendations on grounding and shielding practice. 
Computer manufacturers supply a facilities requirement 
manual which will specify any special requirements for 
this equipment. All systems that are electrically con- 
nected should be grounded in the same fashion. 


8.11 Considerations for Classified Areas 


8.11.1 GENERAL 


Equipment application and wiring methods for the 
power supply source and distribution system must con- 
form to requirements applicable to the particular area 
classification. Generally, this equipment and wiring 
will operate at energy levels which can cause ignition, 
and availability of intrinsically safe equipment may be 
limited. However, the instruments served may include 
intrinsically safe equipment. 


8711.2 REQUIREMENTS 


Requirements for intrinsically safe equipment and 
circuits are covered in the following: 


1. NFPA 493—Standard for Intrinsically Safe Proc- 
ess Control Equipment for Use in 
Hazardous Locations 


2. ISA RP 12.2-—Intrinsically Safe and Non-Incendive 
Electrical Instruments 
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SECTION 9—SPECIAL EQUIPMENT 


9.1 Purpose 


The purpose of this section is to cover some of the 
special electrical equipment and installations encoun- 
tered in a processing plant which are not covered in 
other sections of this publication. 


9.2 Scope 


It is intended to limit discussions to the electrical 
needs of these installations, not to spell out the need 
for or the extent of such installations. 


9.3 General 


There are many systems and pieces of equipment in 
a processing plant which have need for electrical ser- 
vice that is somewhat different or has requirements 
other than those generally provided for the usual power 
and lighting service. Some of these are communica- 
tion and signaling systems, computers, emergency light- 
ing systems, and so forth. Consideration must be given 
to their special requirements. 


9.4 Electrical Systems and Equipment 


9.4.1 EMERGENCY LIGHTING SYSTEM 


Most modern processing plants have some arrange- 
ments for providing emergency power for lighting and 
instruments. See Paragraph 3.2.4 for discussion of this 
subject. 


9.4.2 “NO BREAK" POWER SYSTEM 


eo. Fleetrical service to most computers and much 
electronic instrumentation is critical and demands use 
of a so-called “no break” power system which will 
supply uninterrupted service at all times. The reli- 
ability and extent of these systems are governed by 
the requirements of the load and the price one is 
willing to pay. 

b. In some instances to overcome minor fluctuations 
in voltage and frequency, a motor generator set is 
used to supply power. This is low in cost and will take 
care of minor disturbances; it will not protect opera- 
lions during power outages. 

c. To protect against outages one common system 
is a dual driven (motor and turbine or engine) flywheel 
generator. On loss of the normal source of power, the 
fiywheel drives the generator until the turbine or 
engine picks up. 

d. Another system consists of battcrics and an ine 
verter to supply the uninterruptable load. These inver- 


ler systems may be of two types: (1) The line-paral- 
leling type, in which the inverter operates in parallel 
with the normal power source. Under normal condi- 
tions the inverter does not supply power but on loss 
of the normal power source the inverter assumes the 
load without interruption. The inverter is supplied 
from batteries which are sized to carry the load for a 
specified length of time. (2) In the second type, the 
inverter continuously supplies the load from a battery 
charger which also provides a float charge for batteries. 
The batteries supply power to the inverter when the 
power source to the battery charger is interrupted. The 
‘Dattery charger for the continuous type must be larger 
than for the parallel type, since it must supply the 
entire load as weil as be able to recharge the batteries 
in a reasonable time. 

e. Many variations of these systems have been de- 
signed using static switches, static inverters, etc., both 
to improve the reliability and the response of the 
system. 


9.4.3 SOUND POWERED TELEPHONE SYSTEMS 


a, On operating units and in other classified areas, 
sound powered telephone systems are often used. The 
instruments are voice powered and require no electrical 
power to operate. Associated with these sound-powered 
Phones is usually some type of signaling system which 
does require electrical power. The voice and signaling 
circuits should not be installed in the same conduit. 

b. Hand sets or jack stations should be provided at 
convenient locations. Jacks are usually provided on the 
control board for use with portable handsets on long 
cords. Outdoor phones should be housed in weather- 
proof boxes. 

¢. Explosionproof pushbutton stations and signaling 
equipment shall be used in Class 1, Group D, Divi- 
sions 1 and 2 areas. In unclassified locations, weather- 
proof equipment shall be used in outdoor areas and 
general purpose equipment should be used for indoor 
installations. 


9.4.4 TELEPHONE SYSTEMS 


a. Most processing plants are served by the local 
telephone utility. In such cases the telephone company 
usually furnishes and installs all wire, cable, terminal 
blocks, instruments, switchboards, batteries, battery 
chargers and other miscellaneous equipment. It is the 
responsibility of the processing plant to furnish and 
install all conduit and junction boxes for the system. 

b. All telephone instruments should be of the dial 
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type. Those in Division £ locations shail be of explo- 
sion-proof construction. In Division 2 and unclassified 
locations, instruments of standard construction may be 
used, as permitted by NEC 501-14-B. Bells, horns, 
howlers, and relays for Division 2 locations must be 
types approved for such locations. 

¢. The switchboard and related equipment is usually 
located in a telephone room in the administration build- 
ing. Distribution of telephone circuits within buildings 
usually consists of multiconductor cables in steel con- 
duit or underfloor duct. 

d. Outdoors the telephone distribution system may 
consist of multiconductor cable in conduit, underground 
in duct, direct buriat cable or aerial cable attached to 
poles carrying power and lighting feeders. In Divi- 
sion | areas the wiring method used shall be suitable 
for the area classification. 


9.4.5 OBSTRUCTION AND WARNING LIGHTS 


Special obstruction lights and warning lights shail be 
furnished as required by the Federal Aviation Agency 
(or other regulatory authority) for high structures and 
stacks when located close to airfields. 


9.4.6 NAVIGATION LIGHTS 


Piers and similar structures extending into navigable 
waters shall be furnished with obstruction lighting as 
required by regulations of the U.S. Coast Guard or 
other regulatory authority. 


9.4.7 HOSPITAL SERVICES 


a, Where hospital facilities are provided considera- 
tion should be given to providing an emergency elec- 
trical system in case of failure of the normal source of 
electrical power. (See Paragraph 3.2.4 and Article 700, 
NEC.) 


b. In operating rooms or where flammable anes- 
thetics are used or stored the provisions of Article 517. 
NEC: “Fiammable Anesthetics,” shall be followed. 


9.4.8 FIRE ALARM SYSTEMS 


Some type of fire alarm system is usually maintained 
within a processing plant. Some systems are elaborate; 
others are relatively simple. Reference should be made 
to API RP 2001—Fire Protection in Refineries for 
discussion of fire alarm requirements. Also refer to 
Section 14 of NFPA Fire Protection Handbook for 
further discussion of alarm facilities, 


9.4.9 PORTABLE EQUIPMENT 


a. Much of the portable or mobile equipment used 
in processing plants requires electrical power, such as 
the following: 


Welding machines 
Motor-driven portable pumps 
Motor-driven portable compressors 
Power tools 

Extension and hand lamps 
Annealing machines 

Test instruments 

Tool trailers 

Storehouse trailers 

Office trailers 

Meter testing rigs 


&. Most of this equipment operates at 600 volts or 
less. When periodic use of such equipment justifies. 
permanent receptacles are often installed. Otherwise 
temporary wiring and hook-ups arc used for supplying 
power. Particular attention shall be gisen to grounding 
such equipment tor personnel protection (Refer to 
Section 4 for further discussion of this subject.) 


